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(54) Lens barrel having a linear guide groove 

(57) A lens barreMO includes: an outer barrel 12 provided on an inner periphery thereof wfth a first thread 
12a and at least one linear guide groove 12bi intersecting the first thread and extending in a direction of an 
optical axis of the lens barrel; a middle barrel 16 provided on an outer periphery thereof with a second thread 
16a meshing with the first thread; an inner barrel 17 positioned inside the middle barrel and having at least 
one follower 17ci which engages with the linear guide groove, so that the inner barrel is guided along the : 
optical axis without rotating about the optical axis with respect to the outer barrel; and a recess (12g, Figs 3,6) 
formed at a front end of each linear guide groove having a width dimension to enable rotational movement of 
the follower into the linear guide groove during initial meshing of the middle barrel with the outer barrel. 
Q:..; A part of the outer peripheral surface (12p,Fig. 28) of barrel 1 2 may be flat (12x, Fig. 28). 
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LENS ; BARREL HAVING^ A LIJsfEAR: QUIDE ^CHA^TiSM 



; The present invention relates to a lens barrel - having a 
linea* gui4e mechanism for guiding a linear moving 'barjtei,-. 
provided in the lens: barrel ; along an optical axis thereof, 
without rotating about the optical axis . 

: A conventional .. v Ifes^'shutterv;,:type. of zoom • ; ;le^ : ;v:cjtoera ; ' 
having a telescoping type of zoom lens barrel, is widely 
known • In such a: type b f z oom 1 ens c amera; a ; zbom: ieiis; 
barrel f ran \ : i ; :;toaiii'". body : 

(camera : bbciy) b 

housing of the camera body. The housing, of the : camera body 
Is. /usually '.; provided on an inner peripheral sur f ac e thereof 
with : a: £ eia^& ^iicoi& ahd;^a : .spluria 1 xty: of ji^hea^v: giiide 
grooves intersecting the female helicoid and extending in 
the optical axis direction. With the camera body having 
siich a hollaing, the zoom lens barrel unit is usually 
installed using the following method- Namely, the zoom lens 
barrel unit is firstly inserted into the housing from a rear 
of the housing. Subsequently, the male helicoid, formed on 
an ' put^rV^eH 



zoom lens barrel unit, is brought into mesh with the female 
helicoid, formed on an inner periphery of the housing V 
Thereafter, i linear guicte plate, provided with a plurality 
of radial :f oliowe eiid 
of v the . outermost;: barrel, with the plura,li ty ; ibt follower 
projections engaging with the plurality of linear guide 
•grooves of the housing. 

With such an installing method, it is necessary 
to carry out several . processes to insteill the zoom Vlens 
barrel unit in the housing of -the camera body. This is 
troublesome, : anci increases installation time. 

When a lens barrel is designed having a guide groove or 
a cam groove formed on an inner peripheral surface thereof 
which ' enga:ges with a- ^f ollower i;i -jprd-j ec .t ion , ^provided';:: : on-:Va. 
prede t earned • ■ member / 1 o • g^de : ;,- the same -alp^ 
width : and ? t h • of the groove , v^ich; ar ; b^ 

sufficient to maintain the mechanical strength of the lens 
barrel , are firstly determined before the whole (dimension of 
the lens barrel (thickness, diameter, etc.) is determined. 
Therefore, in general, such a lens barrel having a guide or 
cam groove tends to be designed a.s a member which is; tpo 
;thick . and tob Iargre. [ "■■ 

. . An ob j ec t of ; the present invention is ,to provide a 



barrel having a linear guide mechanism for guiding a linear 
moving :^t^ifc;^lohg Van ■opticalO.\:axis',;- /: which;.';- ; ." : s^%ei;-: 
.efficient and simplifies ; the process necessary for 
: installing the zoom lens parrel i ttnit-;: in the hbiising^ of v th4- 
(camera. ' 

Another pbj ect of the present invention is to provide a 
lens barrel having a linear ^ide mechanism for guiding a 
linear moving barrel al ohg an op t ica 1 axis , which makes it 
'•: ppssiblei : .to;;: ;: reaiize a • s^all : 4si.z : ©4; ; : . lens barrel; :;/.Whilie- 
ma in t ain ihg a sufficient mech^ical strength of th^ l^ns 
barrel. 

• : . ' According ^ 
to an aspect of the present invention/ there is provided a 

lens barrel including: an outer barrel provided on an inner 

periphery thereof with a first thread and at least one 

lixi ^ ar groove intersecting the first thread and 

extending ;in ^£fi£e^i6ri;s^_tt optical axis of the lens 

.J^*fl.# ;.a.x middle- -barrel:;.:/ pM 

thereof with a second thread meshing with the first thread; 
an inner barrel positioned inside the middle barrel, t|e 
inner barrel being provided with at least one follower which 
engages with the at least one liheax guide groove > so that 
the inner barrel is guided along the optical axis without 
'Tiotit^g - ; aj^ut: i the j^tic&i aicis with respect to 5the buter^ 
;]^rel> "and rfctes;; ; f briijed^ at; 'a front, end of each of the 'at. 



least one linear guide groove on the inner periphery of the 
outer barrel, the recess having a width dimension to enable 
rotational movement of:;; the, at least one. follower into the at 
least one linear guide groove during*: initial meshing of . the 1 
middle barrel with the : outer ..barrel : . With : this: structure;;: 
the recess is used hot only f^ 

into mesh wi th ;; the outer barrel but also f 6r forming par t p£, 
the linear guide groove. Thus/ the recess is space-ef f icien 
tly formed on a front part of the outer barrel, which: 
contributes to the realization of a small and compact lens 
barrel. •• 

: Preferably; the lens barrel further includes an - annular 
retaining member which engages with a front end of the outer 
barrel , -after the middle barrel has been engaged with the 
outer' barrel. : 

:■ Preferably, the annular retaining member is provided 
With -at leas t one pr^ject^ with the; 

at least one recess. • 

Pref eirably ,;. the at least one engaging projection has ; Ja'i 
surface determining a front extremity of the at least one 
linear guide groove. 

Preferably, the at least one linear guide groove is 
<&f ined tweexi a^;f Irs t side surface . and a second ^<3e : 
surf ace : f panned on the inner periphery of th£ outer barrel, 
the. first - and the second -side surfaces extending in the/ 



direction of the optical axis , and wherein the , at least one 
engaging projection is provided with a linear guide surface 
which together with the first side surface linearly guides 
the at least one follower. 

: Preferably, a distance between the first side surface 
and the secbnd side surf ace is less than a dis tarice Between 
the linear guide surface and the second side surface. 

Preferably , the recess is provided wit^ aj; surface 
inclined parallel to the first t^ead. --v;. : . ; • 

Preferably, the outer .^rr.el'.^S; formed integral witk a 
stationary block provided inside a camera body. 

Preferably, the middle barrel is movable along the 
optical axis together with the -inner barrel without varying 
a dis tahce therebetween, while the middie barrel rotates 
about the optical axis relative to the inner barrel . 

' Preferably/., the at least brie f ql lower is: fprined j at a 
rear end of the inner barrel outwardly in a radial direction 
of the inner barrel to engage with the at least one linear 
guide groove . 

Preferably, the at least one engaging projection is 
provided with an engaging claw which pro j ects outwardly in a 
radial direction of the aimular : retaining >• member, the 
engaging - claw engaging with . a hole fpmed. ini the'.: .recess. iJ'V 

Pref ^rabiyi; the ; leiis bairr el \ further includes-', a^ least 
one projection f bnned ;at a bottom of thie at lea : st one liriear: 



guide^ groove , the at least one projection engaging with the 
second thread so as to function as a part of the first 
thread. 

. . .Preferably, . the- at least one follower and - the at ; :least- 
one linear guide gropye ate \ : each formed = to have a Width 
greater £ 

equal to a pr^etermiried iaihirruim 

Preferably, the at least one projection is formed 
substantially: in : k : middle vof . the at : le^ 
groove in a circumferential direction of the outer barrel. 

According to another aspect of the present invention, 
there is: provided a lens barrel including: an outer barrel 
provided on • ah inner periphery thereof -with a first thread; 
and a plurality of linear guide grooves each intersecting 
the first thread -and extending in a : direction of an optical 
ixis of the lens barrel; a middle barrel provided on an 
pu t er ! : p er iphery : the rep f ; wi t h a second, thi^eeid ^/iMshih§.:J^th) 
the first thread, so that the middle barrel is movable along 
the optical axis while rotating about the optical iaxis with 
respect to the outer barrel; an inner barrel positioned 
inside the middle barrel and moved together with the inner 
barrel along the optical axis, the . inner barrel being 
provided at : aVrear* e6d,\.therebf ••• with- ; a ;pi'^ali tyr* of •; f ollqwers j 
which respectively engager witji the pli^ality: of line^\ : 5tiide 
grooves, so that thinner barrel is guided . along : the optical 



axis, without rotating about the optical axis with respect to 
the outer bairrel ; a plurality of recesses each formed at a 
front end of a corresponding oneof the plurality/ofrlinear 
: guide ;:grpw ; 
the plurality of recesses each haying a width greater than 
the corresponding oiie of the plurality of linear guide 
grooves ; and an Annular retaining member f or preventing, the 
middle barrel from disengaging from the outer barrel; the 
annular retaining member being provided with a plurality of 
engaging projections each extending in the direction of the 
op t i c a 1 ax is to • engage with a corresponding one of vithe 
plurality of recesses; the annular retaining member being 
secured to a front end of the outer barrel , after the^m 
barrel has been engaged with the outer . barrel , with . the 
plurality of engagincr projections respectively engaged: with 
the plurality pf linear guide grooves. 

■ . According to yet another aspect of the present 
invention, there is provided a lens barrel including: an 
outer barrel provided on an inner periphery thereof with a 
first? thread; a middle barrel provided on an outer periphery 
thereof with a second thread meshing with the first thread 
of the outer barrel; an inner barrel positioned - inside the 
middle barrel and provided with at least one follower; an 
annular retaining member secured to a front end of the outer 
barrel for ] preventing the : middle" bairrel; from Mis engaging 



from t-he-: outer barrel ; at least one linear guide groove 
which extends in a direction of an optical axis of the lens 
barrel and with which the at least one follower engages, 
wherein a; part of the at least one linear guide groove is 
f oriried on the annular retaining member: and, a remaining : part 
of the at leas t one linear guide groove f opried oix an 
inner periphery of the outer barrel. 

In relation to the. latter obj ect mentioned above ; according 
to another aspect of the present invention, there is 
provided a lens barrel includiiig: a .barrel provided on an 
inner periphery thereof with a linear guide groove extending 
in a direction of an optical axis of the lens .l- barrel ;:-,vand. v an-; 
annular member .arranged concentrically with the . barrel /ii: the 
annular member being provided with a follower / which engages 
with the linear guide : groove so that the annular member is 
guided along the optical axis without rotating -about the 
optical axis relative to the . barrel, wherein a part of an 
outer periphery of the barrel which is located adjacent to 
the linear guide groove is formed as a plane surface, and 
further wherein a distance between the plane surface and the 
optical axis is shorter than a distance between the optical 
axis and a part of the outer periphery of the "barrel : which 
is .not .formed, as the plane, siirf ace. . 

j^eferably, a bottom of ;the linear g^iide groove is; 
formed as a plane bottom, surface : /.^t^ding t ->ixiT . tlte /'direction 



of the opt ibal .axis and perpendicular to a radial direction 
of the barrel, the plane surface being formed parallel to 
tlie plane bottom surf ace i v 

: Preif erably, the -leris barrel further includes : a 'first 
thread ; formed on the inner per i^he^ ; o f the barrel so : that 
the linear guide groove extends within the first thread; a 
rotational barrel positioned inside the barrel and provided 
with a second thread which meshes with the first thread so 
that the rotational barrel is movable: along the op 
while rotating about the optical; axis relative ito the 
barrel; and. at least ..one - projection formed : at. a, bottom of, 
the linear guide; groove, the at least one projection 
engaging with the second thread so as :to function as a -part: 
of the first thread. 

: ^:;;'Pref;6r^lyy the. follower and the; linear guidie groove 
eure each formed to have a width greater than a predetermined 
minimum width and a height equal to a predetermined minimum 
height./"".- />;-'y^< 

Preferably, the at least one projection is formed 
substantially in a middle of the linear guide groove in a 
circumferential direction of the barrels 

According to yet another aspect: of the "present 
invention / . there is provided a lexis; j^rrel including :/. M 
puter barrel provided on an inner periphery: thereof with a 
first thread arid> ; a . -iihedr . g^ the 



first, thread and extending in a direction of an optical ; axis 
of the lens barrel; a middle barrel provided on an oviter 
periphery thereof .with a second thread : meshing with; the 
f irst :i thread ; ::an 'inher vbar 
•ibafi'feivand^ :'st. : ; : f oll^erf 

linear guide groove to be guided along the linear guide 
groove, the middle barrel being movable along the optical 
axis together with the inner barrel without varying a 
distance/betve^ the • inner barrels while the 

middle barrel rotates about the optical axis relative to the 
inner barrel; and at least one projection formed at a bottom 
of the • linear guide groove // : ;the, yat.;: least- one project!^ 
engaging with the second thread so as to function as a part 
of the first thread* 

According ; to yet another ^aspec t of a the present 
invention, there is provided a lens barrel including: .a 
barrel prbvidied on an inner per iphe^ ;• th^reqf > with; : a" 
plurality of linear guide grooves each extending in a 
direction of ah optical axis of the lens baxrel ; and an 
annular member arranged concentrically with the barrel, the 
annular member being provided with a plurality pf followers 
which respectively engage with the plurality of linear guide 
Sfrooves : • sa that , thf.; annular member; is guided along the 
optical akis without rotating about- : the optical ^ akis 
relative to ^Me ^r±el/. wherein a part of the ; ; barrel y^re 



• . ill. 

one .of the plurality of linear guide grooves is formed has a 
thickri^ of the -barrel , where 

the rest of the plurality of linear guide grooves are 
formed; " v -"' - : - ' ^ \ .'"'•'•'> . y 

An example of the present invention will now 

Be 'described- -Below in '. detail fwith 
reference to the accompanying drawings in which similar- 
elements are indicated by similar ref erence numerals, : euid 
wherein:- 

; Figure : 1 • is|;a.;^^ view of ix^d; 

lens: a zoom le^ 

zoom lens camera; illustrating a state before the zoom lens 
barrel unit is installed in the fixed lens barrel block ; 

Figure 2 is a schematic perspective view of the fixed 
lens barrel block, the zoom lens barrel unit and an annular 
fixing member, illustrating a state after the zoom lens 
barrel -unit is, installed in the fixed lens barrel block; 

Figure 3 is . m ai- . schematic per spec t iye vi ey : of - thef fixed 
lens barrel block shbwniin Figure l ot 2;: • 

Figure 4 is an enlarged schematic perspective view of a 
third moving barrel shown in Figure 1 or 2; 

Figure 5 is an enlarged schematic perspective view of 
the annular fixing member shown in Figure 2; 

Figure 6 is : a sc of a part;pf the 
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fixed;* lens barrel block shown in Figure i, 2 or 3, 
illustrating a linear guide mechaiiism of the: zoom lens 
barrel unit;- 

" ' 'Figure'" 7 is . a schematic developed view of the part of 
the fixed lens barrel block shown in Figure 6 and a part of 
the Jarinixiar. fixing rte^ with the .fixed lens barrel' 

block, illustrating :the linear guide, mechanism in a 
different : state if rpm that shown in Figure 6; 

; Figure 8 is an enlarged view [of : ";a^p_art^rbf •"■ the . view 
shown • in- ■ Figure; 7 ; ';/• ••; . 

Figure 9 is an enlarged schemat ic perspective view ; . • 
showing a part of a zoom lens barrel; 

Figure 10 is schematic perspec t iVe view showing j:lie 
part of the zoom lens barrel shown in Figure 9 in an engaged 
state; ■ 

Figure 11 is a schematic perspective - view illustrating;: 
a state where an AF/AE shutter unit : of the zoom lens barrel % 
is mounted to a first moving barrel; 

Figure 12 is an enlarged exploded perspective view of a 
part of the zoom lens barrel ; 

Figure 13 is ari exploded perspective view illustrating 
main parts of the AF/AE shutter unit of the zoom lens barrel 
showii : in : : 'Figiare 9 - ib> j: lljpr 12; • 

. Figured i 14 is an enlarged schematic .perspective view of 
the third moving (barrel shown . ifi Fig\ire;:4 shown frcpr'a,: 



dif fereiit angle; ■<•■.■".' 

Figure 15 is an enlarged perspective view of a linear 
guide barrel of the zoom lens barrel; 

-Viett'vo'^ 

barrel block -shown in Figure 3 with other members installed 
in the fixed lens barrel block; 

. j Figure f l7, is, a; sectional view of an upper part of the 
zoom lens barrel in a maximum extended' state; 
: : : Fi^gure 18 is a sectional view of an up£er parfe ojE the 
zoom .lens barrel; illustrating Attain y elements in a 
hpused state ; ; : • 

; Figure 19 is a sectional view of the upper part of the 
zoom lens barrel shown in Figure 18 in the m^iitium extended 
•state';, .--: 

Figure 20 is a sectional view of an upper part of the 
zoom lens barrel in the housed state; 

: ; .'::F igur e-:C^2 1 Ai s' . -an e^loded y p^rs^ci^iy^ . ,yi ewy ofe the., 
overall structure of the zoom lens barrel; 

Figure 22 is a block diagram of a controlling system 
for controlling an operation of the zoom lens barrel; 

.■: - Figure 23 is a rear elevational view of the fixed lens 
barrel block and some other : members installed in the fixed 
lens " bc^eL\bI6ck , - shown in Figure' 16 ; - • 

Figure/. 24 is a- sectional view. of. an upper part of the 
zoom ' lens- b^rel; 



Figure 25 is a sectional view of the fixed liens barrel 
block and the .linear ^ide'h^rrel'llj showing the state of 
engagement of engaging projections and linear guide grooves ; 

Figure 26 is a ; : ■ plair : Viiew* ^Qf^lsk : :p^^;^t -a'^cyilhidliqai^ 
portion formed integral with the fixed lens barrel block; : v 

Figure 27 is a diagram illustrating the difference in 
thickness of the cylindrical portion between a part of the 
cylindrical portion where one linear guide groove is formed 
and another part of the cylindrical portion where - another 
guide groove/ having a wider width, is formed; 

Figure 28 is an enlarged sectional view of an engaging 
pro j ection and: a linear guide groove with which the - engaging 
pro j ec tion: Engages ; 

Figure 29 is a sectional view of the fixed lens barrel 
block and a wall forming a film chamber of the zoom lens 
camera; 

Figure 30 is a sectional view of an upper part of a^ 
lens supporting barrel which supports , a front lens.: group 
therein, and a lens fixing ring which is to be screw-engaged 
with the lens ; supporting barrel ; , 

Figure 31 is an enlarged perspective view of the lens 
su^ortihg barr^ 

Figure 32 is . an enlarged . sectional^ 
the lens fixing ring ?hpwn in .Figure 30. 
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Figure 22 is a schematic representation of various 
.elements which comprise :. a preferred embodiment of . a zoom 
lens camera to which the present invention is applied. A 
concept of i the pres erit zppm de^ns camera will now be 
described with reference to Figure 22. 

The zoom lens camera is provided with a zoom lens 
barrel (zoom lens ); 10 of a three-stage delivery ■ type 
(telescoping - type) having tjir^ barrels > namely: -ei: 

•first moving barrel 20, a second moving barrel 19 and a 
third moving barrel 1 6 , which sire concentrically "arranged;, ixi 
this order from an optical ; axis 0 . In the zoom lens barrel 
10 two lens groups are provided; as a pho t ogr aphi : opt icctl 
system, namely : a front lens - group LI having positive power 
and a > rear lens group L2 having negative power. 

In the camera body, a whole optical unit driving motor 
controller 60, a rear lens group driving motor controller 
61 * '^y-'zqom- *''aj^ait&g^ device 62, a ipcus bperating -'deVice: : 63? 
an object distance measuring apparatus 64 , a photometering 
apparatus 65, and an AE (i.e. , -automatic exposure) motor 
controller 66, are provided. Although the specific fobusing 
system of the object di is tance measuring apparatus 64 £ whidh 
is used to prpyide inf prmation- 'regatdiiag the (bbje^^-to- : 
camera distance; does not f orui . part - of : the present 
invention,, one such ..suitable system is disclosed in commonly 



assigned U.K. Patent Application No. 2298331, filed on 
February 22, 1996, arid published on 28 August 1996; 

: • -;' Although ' the ; . 

;focusing systems disclosed in 

2298331 are of the so-called "passive" type, other known, 
autof ocus systems ( e . g , , active range finding systems such 
as those based oh infrared light and triangulation) may be 
used. Similarly^ a photometering system as disclosed ih the 
above-noted U.K. Patent Application No. 2298331 could be 
implemented as photometering apparatus 65. 

The zoom operating device 62 can be provided in the 
form of /for example , a manually-operable zoom operating; 
lever (not shown) provided on the camera body -or a pair of 
zoom buttons;: e.g. , a /'wide" zoom button and a "tele" •zoom 
button; (not; shora 

zpbni opera ting device <52 is operated, the whole ^optical -unit . 
driving motor cqntrol|"er; ;: : -60' " drives .?;a; : ; .v^ql;e : : •.^ticalv^^it-^ 
driving motor 25 to move- the f ront 1 ens g. group LI and ; ; the 
rear lens group L2 , rearwardly or f orwardly without regard 
to a focal length and a focal point thereof ; In the 
following, explanation, forward and rearward movements of the 
lexis grbups LI: and ; L2:' by the . .Whole optical lUiirti -j/driy iagji^ 
mbtpx ; : contrdller 60 : ( the motor : 25 ) are referred to as : the." 
movement toward * tele" and the movement toward ^wide* 
respectively,: since ^; forweurd and rearward .movements of the 



lens groups LI and L2 occur when the zoom operating device 
62 is operated to .. ?tele* and ^wide > jpositioiis 0 . 

The linage magnification of the visual field of a zoom 
finder 67 provided in the camera body varies in sequence 
with: the variation : of the;: fobai 1 eng th through tli£ : pper a t i oh 
of the zoom operating device 62. Therefore, the 
photographer can perceive the variation of the focal length 
by observing the variation of image magnification of the 
visual field of the finder. In addition, the focal length; 
set by the opera t ion of the "zoom : operating device 62 ^mky'ih^ 
perceived by a value indicated on an LCD (liquid crystal 
display) panel (not shown) or the like. . 

: f ^ \ When:: the focus operating device 63 is operated, the 
Whole optical unit driving motor controller 60 drives the 
whole opt ica.1 tiihit driving same: time ■-: the 

rear : lens group driving ino tor controller 6 1 drives a resLr- 
lens group driving motor 30. Due to the driving of the 
whole optical unit driving motor controller 60 and the rear 
lens group driving motor controller 61/ the front and rear 
lens groups LI and L2 are moved to respective positions 
corresponding to a set focal length and a detected object 
distance and thereby the zoom leiis is focused on the 
. : s^ject..; : f • V - .: \'\\;-"y ■: > V- :v'V->; ; 1- ''')*>. \ 

■:'-;}^i^eci^ic^^v^}^ : focus operating device 63 ..is^E^ovided 
With a release button (not shown) provided on. an upper -wall 



of the camera body . A photometer ing switch and a release 
switch (both not shown) are synchronized with the release 
button. When the release button is half -depressed^ (half 
: step : j':^ "■■ the . ; f o c us op e r a t i ng ;deyice : -;>'0 the 
photometering switch to be turned ON, a. and: the object 
distance " measuring-; and php^pme terihg qoirunands aire: 
respectively input to the object distance measuring 
apparatus 64 and the photometering apparatus 65. 

When the release button is ; fully d^ 
the focus operating device 63 causes th<a release j^tth td 
be turned ON, and according to the result of object distance 
measuring demand and a set focal length, the whole . optical 
unit driving motor 25 and the rear lens group driving motor 
30 are driven, and the focusing operation/ in which the 
front lens group LI and the rear lens .group: L2 move to : the; 
focusing position, is execute 

an AF/AE (i.e. , autof ocus/autoexposure) shutter unit 
{electrical 20) is c^iven; ; y^ 

controller 66 to actuate a shutter 27. During the shutter 
action, the AE motor controller 66 drives the AE motor 29 to 
open shutter blades 27a of the shutter 27 for a specified 
period of time according to the photometering information 
output.. /from.*. the. :phqt^e^ering; : apparatus, 65 : 

WhehX the'--' ±6om\ operating ' device'' '62 : is operated, the zoom 
operating device 62 drives the whole optical; unit , driving 



motor. 25 to move tile front and rear lens groups LI ..and L2 
together as a whole in th0 direction of the optical axis p. 
(optical: axis direction) . : Simultaneous with such : a 
mbv^men t, '• , - the / : r e ar lens grbup: : : ; dr lying : : : : mot oir ; 30 ';;inay :i --al s;o ••' 'Be 
driven via the rear lens group driving motor controller 61 
to move the rear lens group L2 relative to the front lens 
group LI. However, this is not performed under the 
conventional concept of zooming in which the focal length is 
varied .-sequentially without moving the position of the f peal 
point. When the zoom operating device 62 is operated, the 
following : two modes ar ie available,; namely: ,, 

1 . • a mode to move the front lens group LI and the rear • 
/lens group L2 in the optical axis direction without varying 
the distance t her ebe t we en by driving only - the whole optical 

,unitx'driving"' motor. 25; : ahd-i,;".'..'.. . 

2. a mode to move the front lens group Li and the rear 
lens gr:6up L2 in : £he • , bp t i c a 1 : axis di r ed t i 6fi whi 1 e Vary i ng 
the distance therebetween by driving both the whole optical 
unit driving motor 25 and the rear lens group driving motor 

30, ■ ; * ' / • :.' . • , : ' • 7^'.: • 

In mode 1 , during a zooming : operation an in^f locus 
cohditiori baniibt. b£ obtained at all times v with - ri^iE^t'Ttofa- 
subject located at a specific; ''di'stanc^.; However^ ^this\ is 
not a problem in a lens-shutter type camera, since the image 
p? the subj ect : is not bbserved r through, the photographing 



optical system, but through the finder opt: ical system that 
is provided separate from the photographing optical, system! 
arid it is sufficient to only be focused ^en -the shutter is 
released. In mode 2, during a zooming operation, the front 
lens group LI iuid : the jre^r lens group L2 are move d w i thou t ; 
regard to Whether '[ the focal ••point; moves, arid when the?: 
shutter is released, the focusing operation (focus adjusting 
operation) is caxried out by moving both the whole optical 
unit driving motor 25 and the rear leiis group driving motor 
30. : ,.- : V ^ ' . ■ • - • •. 

When the focus operating device 63 is operated in at : 
least brie part of : the focal length range set by the zoom 
operating device 62; the whole optical unit driving motor 25 
and the rear lens group driving motor 30 are driven t:oj bring 
the subject into focus. The amount of movement of each lens 
group LI or L2 by the whole optical unit driving motor 25 
and the rear lens group driving motor 30 is determined not 
only using subject distance information provided from the 
object distance measuring apparatus 64, but also by using 
foqal, length information set by the zoom operating device 
62. in such a rngmrier, when the focus operating device 63 is 
operated , by moving both the whole optical uni t driving 
motor : 25 - and tlie reaLT ; lens group driving ^tprv^.Q.,V <fbf. 
position : of the; lens groups LI, L2 can : be flexibly 
controlled, as compared with lens, movements cohtrolled - by; 
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• cam. -i>< -y.'i::. r: :.. '■ .'.^x. ...... ■■'.'•'••h-' :•; .■ v- 

: The zqom • lens camera, of this, embodiment can also be 
c ontro.i 1 ed : in; : a dif ferent manner such that ,. diiiriiig kn 

operation of • -the ■• 20pm operating ■/ device 62 , • only ; the\ 

magnif ication :bf the izbom f inder 67 1 engtfr 

information are varied without driving either the whole 
optical unit driving motor 25 or the rear lens group driving 
motor 30 • When the focus operating device 63 is operated/ 
both the whole! optical uni t ; | driving jmptor ,. 2 5 t^an^ithe ; r ^ar 
lens group driving motor • 3 0 are moved simultaneou 
according to the focal length information and the subject 
distance information obtained by the objectv distance 
measuring apparatus 64 to rtibve : the front lens- '. group LI and 
the rear lens group L2 to respective positions determined 
according to /the .focal ^^i<ength^.^d^the:^ subject distance 
information,. .. 

An embodiment of the zoom lens barrel according to the 
above concept will now be described with reference to xnainly 
Figures- 21 and 22. 

The overall structure of the zoom lexis barrel 10 will 
firstly be described. 

The zoom lens barrel 10 is provided with the first 
moving barrel 20> the second; moving barrel 19# - the ^ ; third 
moving barrel 16, and a fixed lens barrel block 12: The 
third moving ; barrel 16 is engaged with a. cylindrical portion 



12p of the : fixied ..lens barrel . block 12, . and moves in the 
optical axis direction upon being rotated . The third moving 

" barrel: 16 /is ; provided on; an inner periphery ;:t^ 
■linear guide barrel 17 / -..which ■ i s - r e s t r i c t e d ; • i n • • • r o t a t i bri ; ' 
The linear guide barrel - 17 and the third moving barrel 
move together as a whole in the optical ispcis^ 
the third moving barrel 16 rotating relative to the linear 
guide barrel 1.7.;, The ; f irst moving b^ .moves in the ; 

optical axi s : di r.ect i on -with rptatipn thereof being 
restricted. The second moving barrel 19 moves in the 
optical axis direction, while rotating relative to the: 
linear guide barrel 17 and the first moving barrel 20 *; The 
whole optical unit driving motor 25 is secured to the f ixed 
lens ba rre 1 block 12 . - A shutter mounting : stage 40 is 

: secured to the first moving barrel 20 ; The AE motor: 2 9 ;: and 
the rear lens group driving motor 3 0 are mounted on the : 
shutter mounting stage 40 . The front lens group Ll and the 
rear lens group: L2 :are. : respectively supported by a^ ^ ■; 
supporting barrel, (lens supporting, annular member) 34 and a 
lens supporting barrel 50. 

An O-ring 70, made of a rubber or the like, is 
positioned between an outer peripheral circumferential 

\surf^ce : ;. of tAe .leds . supporting bc^el; 34^" ^ 

;the- :: >: front :eiid'-': '.thereof , : and- Xx .-a^ 

". c ir efferent Ial\ :!sur f ac e, : bf a?i ; vin^r- f lainge portibn V2*0b v ;: 
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formed integral with the first moving: barrel 20 in the 
vicinity • of the.; front end: thereof 2Q I 

The Oaring 70 prevents water from penetrating -the zoom: lens; 
viarrel lO , at. t^ moving 
.-vbarrel. .2 6\--;^d;Vthe.:-lens ' supporting :barrel;-;-3i"v :f fi:i;; r 

As shown in Figure 30 ) the front lens group Li : consists 
of five lenses, namely , a first lens ( f rontmost lens) Llau a 
second lens Lib; a third lens Lie, a fourth len£ Lid and a 
fifth lens Lie in this order from an object side to an image 
side, i.e.; from the left hand side to the right hand side 
as viewed in Figure 30. 

A front positioning ring 36 for determining a distance 
between the second lens Lib and the: third lens Lie is 
positioned and held between the second lens Lib and the 
third lens Lie. An outer peripheral surface of the 
positioning ring 36 lis fitted on an inner periphery 
of the lens supporting barrel 3 4 . Likewise, a rear 
positioning .ring 37 for determining a distance between the 
third lens Lie and the fourth lens Lid is positioned and 
held between the third lens Lie and the fourth lens Lid. An 
outer peripheral surface of the positioning ring 37 is 
..fitted on an inner peripheral surface of the lens supporting 
barrel 34. The rear surface of the fourth lens Lid and the 
front surface of the fifth lens Lie are cemented to each 
other, so that ' the / fourth: and- fifth leases- Life- -LlV:***'- 



formed as a cemented or composite lens,. A front 
circumferential edge Llf of the second lens Lib along the 
circumferential edge thereof contacts the rear surface of 
the first lens Lla. A rear circumferential edge Llg of the 
fifth lens Lie along - the [ cirquirif ef^ntial edge tlie? eo f ; 
: contacts 

} with : the rear., end -of th 34..: V 

A female thread 34a is formed on an inner periphery, of 
a front part of the lens Supporting barrel 34, as shown in 
Figure 30 or 31. A lens fixing ring 72 > for fixing the 
; ;f irsit lens Lla to the lens supporting barrel 34> engages 
£with the: .lens supporting^ barrel ;;34 . With • :£his arr ang emeii t ; , . V ^ ; 
male ' thread 72a formed on the outer peripheral surface /of : 
the lens f ixiii^; ring : 72 meshes jwith ; the- : f ema^ 
A circular abutting surface 72b is formed on the lens fixing 
ring 72 on an inner peripheral surf ace thereof. The 
circular abutting surface 72b comes into contact with a 
circumferential portion fp of the front surface of the first 
lens Lla in a state when the lens fixing ring 72 is properly 
screw-engaged with the lens supporting barrel 34. - The 
circular abutting surface 72b is fqrmed to be substantially 
parallel to the cirdumf erential portion fp so that the 
circular': itfeutiin^ surface 72b and the I circumf erentiial ;. 
portion f 5. may he : ■ 'orpught \ tightly into., contact [ with .-eaqh 
other when; the lens fixing ring 72 is properly screwT^g^g^d 



with the lens supporting barrel 34/ 

• ; i;A supporting ring portion i 4 c is formed integral ;^ith 
• the ylens;'/s ring portibh 

34 c Ki is located inwardly from the - female thread 34a in a 
radial ^direction of the lens supporting barrel 34 .The inner 
peripheral surface of the supporting ring portion 34c; i- which 
extends in the optical axis direction, comes into contact 
with an outer circumferential edge or surface op qf: the 
first lens Lla. An annular positioning surface 34d/ 
extending substantially norma! to : the optical .axis 0, : : :;is 
formed on the lens supporting barrel 34 immediately behind 
the supporting: ring portion 34c . The circumferential edge 
of : the rear surface of the first lens Lla comes into contact 
with the positioning surface 34d. With this structure, the 
.first lens : Lla is immovably held between 1 the circular 
abutting surface 72b and the positioning surface 34d^ in th£ 
optical axis direction, ;and the - first leris Lla is immovably 
held by the support ing ring port ion 34c : ih -a '^iidialy; 
:dir^tioh ;ho the optical axis 0. • 

As shown in Figure 32, a coating 72e is coated on the 
circular abutting surface. 7 2h .• * The* ' . cba t iiig . 4? £ ' • ;i s a; 
^atex^ro.pf : coating, .-made.;: of a '.' synthetic .Ires ih. ;,' ^ in ...the;: 
present;.^ ^FsqataS'* Coat - S$ -rSy ( tt^d^inarH' : ' P $ 

coating produced by the Japanese Company ■ drigin Denki 
Kabu^hiki Kaiihi^j is>*;use<i . as : ;."'the costing r7 2 #v '. :: %he. .-front : 



surface of the first lens Lla is formed veiry smooth, whereas 
the circular abutting surface 72b of the lens fixing ring 72 
is not formed as smoothly (i.e; , has a rough; finish): as the 
: f r on t -^surface; V,o£ .the.Vf irst^leh^ 

"fir^t : - : leM; •'■ilk ■'. is: more? minutely •: and .accurately formed than 
the lens fixing ring 72 since the first lens Lla is a 
precision optical elCTient. Due to this fact, were it ; not 
for the coating 72e on the circular abutting surface 72b, a 
substantial gap . would bis "^f p^ed:'--. .between the circular: 
abutting surface 72b and the, circumferential portion fp even 
if the circular abutting surface 72b properly and tightly in 
contact with the circumferential portion ; f p by properly 
screw- engaging the lens f ixing ring .-: 72 with the female 
thread -3 4a As a result , ; water or kbie.-.tO:-' 
penetrate into the lens supporting^ barrel 34. through the 
substantial gap. However, in the present embodiment, the 
coating 72 e is applied to the circular abutting surface 72b 
so as to make the surface thereof a smooth surface which 
does not cause tb form such a substantial gap between th^ 
circular abutting surface 72b and the circi^f erenti , 
portion fp when the circular, abutting surface 72b properly 
contacts the circumferential portion f p . Accordingly, the 
coating 72e, positioned and held between the circular 
abutting surface 72b and : the circumferential portion*; £p> . 
effectively prevents ^ water or moisture^ f rbm p^iBtr^tihg -.t^ie 



lens supporting barrel 34 between the circular, abutting 
surface 7?b and the circumferential portion fp under the 
i cbhdit ion that the circular abutting surface 72b is properly 
and tightly in contact with the circumferential portion fp- 
by properly screw-engaging the lens fixing ring 72 ■•■?wi^^the: 
femiale thread 34a./ 

A circular surface 72c is formed on the lens fixing 
ring 72. The circular surface 72c is connected to the 
circular abutting surface 72b . and is located immediately 
outward in a radial direction from the circular abutting 
surface 72b. A front part of the outer circumferential 
surface op of the first lens Lla ( i ; e . a. circumferential 
edge of the : first lens Lla) comes : into contact with the 
circular surf ace 72c when the'; lens fixing ring 72 properly 
..engages::.: with the female V thread ; 34a v i ; Du6 t«p : the circi^ai-/ 
surface 72c contacting the outer circumferential isiir-f ace op> 
the watertight structure between the .circular abutting 
surface 721? /and the circumferential portion fp, - that -is 
realized by the coating 72e, is enhanced. That is, a highly 
efficient watertight connection between the first lens -Lla 
and the lens fixing ring 72 is realized by providing both 
the coating : 72^ ''and. ;'■ the.:-' circular surfaqe 72c witi .the • ien£ : 
fixing ring 72 . 

Ah Euinular ^recessed portion 34e is formed on. the" "leli^V 
Supporting barrel 34 between the .female : tt^ead. 3.4a and the/ 



supporting ring portion 34c. As shown in Figure 2D, iri; a 
state'-w^ riiig.; 7i2 v^is prpp^rly ; screw-; 

engaged with the .female, thread 34a,: ^Lreaf ejnd : 72d of the. 
lens . f ixing ring .72 is ; positioned in the annular . recessed 
portion 34e With the rear end 7 2d not contacting the bottom 
(iVe. ;•" rearmost end)- of the recessed portion: 3 4e; namely, an 
annular space is formed in the annular recessed portion 34e 
between the rear end ?2d and the bottom of the recessed 
portion 3 4e. : ; yr. : 

The fixed lens barrel block 12 is fixed in front of an 
aperture' plate 14 'If ixed ';tb the camera ; body ./ \<; ; Th^0-ap>er t ur e;-: 
plate 14 is provided on a • center thereof with: a rectangular- 
shaped aperture 14a which forms the: limits of each frame 
;'e^psed.: ; ^'rTh6. : - fiirteid /leti£.;;barr^ 

inner peripi^ty of the cylindrical port ibn : f 12pv^;with^:a : 
female he 1 ico id • 1 2 a / and also a plurality of linear, guide 
grboVes; i2b each| extending parallel to; the optical apcis : ; 6; 
i . e v ; •/ extending Cin> : the op t i c a 1 I" Jixi s\ ; di r e c t i pri . % At : : the 
bottom; of one of the.;linear^ guide grooves 12b, namely 12b 
a code , plate having a predetermined '-.code' Vp|atter^>;;;vis.; 

fixed. The code plate 13a extends in the optical axis 
direction and extends along substantially the whole of the 
length of the fixed lens barrel block 12. The code plate 
) 1 3 a \ is; 'part:', b f V • a"'-, f lexible V. printed • c irctii t£ ] jteard 1$ 
positioned p^tsideVthe f ^ed^l^"baixe^.,t j?v : ^K-y 



.. in the fixed lens barrel block 12, a : : gear ? kpusing=vI2G>^- 
which is recessed outwardly from an inner periphery of the 
cylindrical portion 12p of the fixed lens barrel block 12 in 
a: radial Vdirectl ; ; in .the ; optic al y.axis. 

direction, is provided as shown in Figure 1 > 3, 16 or 21, 
In the gear housing 12c, a driving pinion 15, extending in 
the optical axis direction* ; is rot^tably held. v A -(PQth?e$ds-- of • 
an axial shaft 7 of the driving pinion 15 are rotatively 
supported by a supppr ^ing h -.4 / : ^pr;oyided: ; -in : ;;.thW:' ;|ixed 

lens barrel block 12, and a supporting hollow 31a, provided 
on a gear supporting plate 31 fixed on the fixed lens barrel 
block 12 by set screws (not shown) , respectively , : Part; of 
the. teeth of the driving pinibri : 15 /project 

inner; iperiphery of the cylindrical portion 12p : of the f ixed 
lens barrel block 12 so that the driving pinion 15 meshes, 
with an outer peripheral gear 16b of the third moving barrel 
16, as shown in Figure 16. 

The fixed lens barrel block 12 is provided oil one side 
thereof (the left side as viewed in Figure 1) With a 
supporting member 32 formed integral therewith. The whole 
optical unit /driving motor 25 is secured to the rear of the 
supporting member 32. A gear train 2 6 consisting pf a 
plurality of gears, is accommodated to be supported in the 
supporting member 32 on the front : tier^ fixed leh? 

barrel block, V12 is further provided on the pth^r side 



thereof {opposite to the side having the supporting member 
32) with a stationary plate 12ih formed integral therewith. 
:A £lur4^ 12 n are iriteg^lly ;.;iEpr^d'< (^^the--' 

front ;:0^ 

object side in the optical axis direction. The fixed lens 
barrel block 12 is further provided, between the stationary 
plate 12m and the cylindrical portion 12p , yith a cutout 
portion 12k extending in the optical axis direction. The 
cutout portion 12k is formed by cutting out a part of the 
cylindrical portion 12p. One; end of a flexible printed 
circuit board 6 is fixed and supported on the front of the 
stationary plate 12m by the: projections 12n> v with an 
intermediate part of the flexible printed circuit: board 6 : 
being laid along the cutout portion 12k. \ The other end of : 
the flexible printed circuit board 6 is secured to the AF/AE: 
shutter unit 21, as shown in Figure 11. 

: On an inner periphery ;6f ; the third moving barrel lis, : : aL - 
plurality of linear guide grooves 16c, each extending 
parallel to the optical: axis 0, are formed. At an outer 
periphery of the rear end of the. third moving barrel 16, - a 
male helicoid 16a and the aforementioned outer peripheral 
gear 16b are provided as shown in Figure 141. The , male 
helicoid i^a^.fengageis-, With the f ^n^Ie/; .h41 i.coid;: 12 a : {of £ t : hf . 
fixed; ifens ^bkr irel. tblock* 12 .j VtHe outer :peripherial" gear- 16b 
engages wi th : tW driving pinion 15 . . ; The.; driving piiiipn $5 



has an. axial length sufficient to be capable of engaging 
with the outer peripheral gear 16b throughput the entire 
range of movement of the third moving barrel 16 in the 

optical axi's direction. • 

: ; : As showh in Figure 15 1 the linear guide barrel 17 ij^ 
provided, on a rear part of an outer tperiphery thereof # with 
a rear end flange 17d. /'/.Thi^ 

plurality of engaging projections 17c each projecting away 
from the optical axis 0 in a radial direction. The linear 
guide barrel 17 is further provided, in front of the rear 
end flange' 17d> with a retaining flange -;17e".:f ^•••'•••'•A' 
circumferential groove 17g is ; formed between the rear end 
flange 17 d and the retaining flange 17e ^ The retaining 
f lange 17e ... has a radius smaller than the rear end flange 
17d. The retaining flange 17e is provided with a plurality 
of cutout portions 17f . Each of the cutout portions 17 f 
allows a corresponding engaging projection ^6d to be 
inserted drito the circumf erential groove 17gy ; as shown in 
Figure 20. 

The third moving barf el 16 is provided, on ail inner 
periphery of . the rear end thereof , with a plurality "of 
engaging projections 16d. Each of the engaging projections 
16d projects^ towards the optical ax±4 0 ' in : a . radial 
direct ipn . ; ; By inserting - the engaging projections 16d : into .. 
the circumferential 1 groove iig, ^.^t^ough/^thei'- \t6rr esiipndingi 



cutout portions 17 f, the engaging projections 16d are 
positioned in the circumferential groove 17g between the 
flanges 17d and 17 e (see Figure 20) . By rotating the third 
moving barrel 16 relative to the linear guide barrel 17 ,i ; tiae : 
engaging pro j ect ipiis 16d are engaged with th^ 
barrel 17. 

• On the rear • ; end of the linear guide barrel 17., ah 
aperture plate 23 having a rectangular-shaped aperture 23a 
approximately the same shape as the aperture 14a, is fixed. 

The relative rotation of the linear guide barrel 17, 
with respect to the fixed lens/ barrel block 12 // is 
restricted by the slidable engagement of : the plurality of 
engaging projections 17c with the corresponding linear guide 
grooves 12b, formed parallel to the optical axis O." 

[" A c on tac t ing t ^riainal 9 lis f ix^d to bile of .the; engaging 
projections 17c, namely 17c V. The contacting terminal 9 is 
in slidable contact with the code plate 13a, fixed ; to the 
bottom of the linear guide groove 12b 1 , to generate signals 
corresponding to focal length information during zooming. 

On the inner periphery of the. linear guide barrel 17 a 
plurality of linear guide grooves 17a are formed, -each 
extending parallel to the optical axis 6 . A plurality of 
lejad slots 17b/ are also formed oh -felie^ • linear-/ guide"' bisgr^ ei?l? ' 
as; shown Figyre 15; .or 21 . The lead slot?- 17b are 'each 
f ormed; oblique {inclined) \tp the optical .axis 0. 



i The second moving barrel 19 engages with the inner 
periphery of the linear guide barrel 17 ... On the inner 
periphery of the second moving barrel 19, a plurality of 
lead grooves 19c are ' provided : in: :a direction- inclined 
pj^ositely^ ;ou^^ ; ype'riphe^ 
the rear end of the second moving barrel 19 a plurality of 
follower projections 19a are provided. Each of the follower 
projections 19a has a trapezoidal crosses ectipnal shape 
projecting away from the optical axis 0 in a Radial 
direction. ■ Follower pins 18 are positioned in the , follower 
projections 19a. : Each follower pin 18 consists 6f'..a;|i^ 
member 18a, and a center fixing screw 18b which support? the 
ring member 18a on .the corresponding follower projection 
19a. The follower projections 19a are in slidable 
ragagemen t ; : Wi th - the . 1 eading ; si o t s 17b 6 f- tile linea^: guide 
barrel 17, and the follower ••., : pins;- 18 are in: slidedple 
engagement with the linear guide grooves 16c of the :thifd 
moving barrel 16. With such an arrangement, when the third 
moving barrel 16 rotates, the second moving barrel 19 moves 
linearly in the optical axis direction, While rotating . 

On the inner periphery of the second moving barrel 19, 
the first moving barrel 20 is engaged. The first moving 
barrel 20 is provided on an outer periphery''. -of*. : the . r e£* ; 
thereof with a plurality of follower pins 24 each engaging 
with the corresponding inner lead girppye 19c, and : at f the 
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same time the f irsts moving barrel 20 is guided linearly by ',-a ^ 
•f^; : 1 moving barrel 20 is 

provided at. the front end thereof with a decorative plate 41 
secured thereto/.- • 

;•; As- shown in Figures- ' 9.:;Vand ; .10 ,; {;thife- ; llnjear- • guide . iti^^^P^^ 
22 '^^^j^i^j^^i^h 'in Vaiinuiar " i|«D^6?;; ;2:2ii ; v \ : ;¥ ^ir^ bf^^idei;-: 
• lfegs 2 2b auad : a plu engaging pro j jec t i 6ns 2 8 . "^tH^! 

pair of guide legs; 22b project from the annular member 22a 
in the optical axis direction. The jpiural.ity of engaging / 
: ;V •.;•/, pirqj Sections : 2 8 each prpject from tAe ^ : 'a&ajfr : . 

. from the optical axis 0 in a radial direction . The engaging 
projections 28 slidably engage with the linear guide grooves 
17a. The guide legs 22b are respectively inserted into ".---v 
linear guides 40c between the inner peripheral surf ace; of 
the first moving barrel 2 0 and . the AF/AE; shutter uni t 2 1 J 

The annular member 22a of the linear guide member 22 is 
connected to . the rear of the second moving barrel 19, such 
that the linear guide member 22 and the second moving barrel 
; 19 are capable of moving along the optical axis O as a 
whole, and in addition are capable of relatively rotating ,,. 
. around the optical axis O. The linear guide member 2 2 is 
further provided on the outer periphery of the rear erLd 
: thereof with a rear end flange 22d. The linear guide member : : :. 
> 22 is further provided; i£ front, of - the rear end flange 2 2d > • 
. with a retaining flange 22c> . [ A circumferential groove ■ 22f ;- 
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: is formed between the rear end flange 22d and the retaining 
fiainge 22c. The retaining -flange 22c has a radius smaller 
than thia rear end flange 22d. The retaining flange ;22c is 
; provided vW of cutout:; 

, in Figure 9 or 10, each allowing a corresponding engaging 

tp inserted into the circumferential 

groove 22f, as shown in Figure 20, 

The second moving barrel 19 is provided on an inner 
periphery of the rear end thereof with a plurality of 
engaging projections 19b, each pro j ec t ing towards the • 
optical axis O in a radial direction; By inserting the 
engaging projections 19b into the circumferential groove 22 f 

• through the corresponding cutout portions 22e, - the engaging, 
pro j ections 19b are positioned in the circumferential : groove • 

: 22 f between the flanges 22c anii 22d. By rotating the second 
moving barrel 19 relative to the linear guide member 22; the 
engaging projections 19b are engaged with the linear guide 
member 22. With the above structure, when the second moving 
barrel 19 rotates in the forward or reverse rotational 
direction* the first moving barrel 20 moves linearly, 
forwardly or : rearwardly along the optical axis 0, but is 
.^•restricted.: from rotating . 

At the front of the first moving barrel 20, a barf.ier , 
apparatus 3 5 having barrier blades 48a and 48b is mounted. 
On an; inner peripheral face of the first : inpying; barrel ?20 : 



■ • ' • V 



the AF/AE shutter unit 21 having the shutter 27, consisting 
of three shutter blades 27a, is engaged and fixed, as shown 
in Figure 18. The AF/AE shutter unit 21 is provided with a 
plural i ty - of fixing ; hbles 4 Qa - . formed: ^a't • . even-, angular; 
intervals on the outer periphery of. the shutter : mounting 
jstage 40. Only one of the f ixing itiole^ 40a appears iii each 
of Figures 9 through 13 ; 

The aforementioned plurality of follower pins 24, which 
engage with the inner lead grooves ■:;vi ; dcr.>als6- served; -:as-;-%5 
device for fixing the AF/AE shutter unit 21 to the first 
moving barrel 20. The follower pins 24 are inserted in 
holes 20a, formed ohi the first moving barrel 20, and fixed 
in the f ixing holes : . 40a. With this arrangement the, AF/AE- 
shutter unit 21 is secured to the first moving barrel 20 ais 
shown in Figure 11>; In Figvife > : 11 : t^e : f ir ^^r^l. ip 

is indicated by phantom lines. The follower pins 24 may be 
fixed by an adhesive, or the pins 24 may be formed as screws 
to be screwed into the fixing Holes 40a. 

. As illustrated in Figures 13 and 21, the AF/AE shutter 
unit 21 is provided with the shutter mounting stage 40* a 
shutter jfc>lade supporting ring 46 f ixed on the xeaLr, of the: 
•shutteri ^ stage 40 -so ;- : as"' ; •: to ;V be [ : loca t ed ins i de 

shutter mounting stage 40 , : and the lens supporting barrel .-50 
supported in a stati". of being capable of movement relative 
to the shutter moisting stage 40, On the shutter mounting 



stage 40, the lens supporting barrel 34, the : AE ,mptpr 29; : 
•and the rear lens group driving motor 30, are supported . 
The: shutter - moiinting stage 40 is provided with an, annular 
■member 4 Of having -.a -circular., aperture 40d. * The - shutter 
mounting s t age 40 is also provided with three legs 4 Ob whicfr 
project rearward from the annular member 40f • Th^ee slits 
are defined between the three legs 40b. Two of the slits 
comprise the aforementioned linear guides 40c, which 
s 1 i dably engage with the respective pair of guide legs 22b 
of the linear guide member ; 22 so. as to guide the movement of 
the; linear guide member 22 . . 

The shutter mounting stage: 40 supports aii M : gear train 
45 , which transmits a rotation of the AE motor: 29 to the 
shutter 27, a lens driving gear train 42, which transmits: 
rotation of the rear lens group driving motor ^30 to a screw 
shaft 43 , photo interrupters 56 arid 57, connected to k 
flexible printed circuit board 6, and rotating disks : 58 and 
59, having a plurality of radially formed slits provided in 
the circumferential direction . An encoder for detecting 
whether the rear lens group driving motor 30 is rotating and 
" : f oil de t ec t irig> ; ah ' amount of rotation of ; the : r^ar . itos^ g^up 
driving motor: 30 consists of the photpinterjrupter^ fche 
rbtatirig Vdisik 59.. . : An AE motor encoded iqt • de^je ; .ctirig : ; whetiier . 
the AE motor 29 is rotating and for detecting an amount:; of 
rptatiori of the AE motor 29 cons i is ts pf ;€he ^otointer^pter^ 



56 and the rotating disk 58* 

The shutter 27/ a supporting member 47 which pivotal ly 
supports the three shutter blades 27a of : t^e ; shutter 27;, and 
a circular driving member 49, which gives rotative power to 
the- shutter blades • 27a, ; are positioned '.between the shutter 
mount ihg stage 40 arid the shutter blade supporting ri%; 46 / • 
secured to the shutter mounting stage 40- The circular 
driving member 49 is provided with three operating 
projections' 49a 4t even angular \ ;lnt erVa i s , : : which; 
respectively engage with each of the three shutter blades 
27a. As shown in Figure 13, . the shutter blade -supporting 
ring 46: is provided at a front end: thereof with a circular 
aperture 46a and with three supporting holes 46b positioned 
at even ■< arigtilar; intervais arourid the. circu 46a r 
Two; deflection restricting surfaces 46c are formed on the 
outer periphery: of the shutter: blade -supporting ring [ 46,; 
Each deflection restricting surface 46c is exposed outwardly 
from the corresponding linear guide 40c and slidably 
supports the inner peripheral face of the corresponding 
guide leg 22b. < 

The supporting member 47, positioned in front of the 
shutter blade supporting ring 46, is provided with a 
c i r cular aper €uire 47a> / aiig^ed^i^./the; Circular ■ aperfcUre; 
4 6a: • of the shut ter; blade support in^ . ring :< 46^ 
pivotal shafts 47b (only one of which is. illustrated in 



39 

Figure 13) at^ respective -positions opposite the. three- 
supporting holes 46b. Each sinitter .blade 27a is provided at 
one end thereof with a hole 27b into which the corresponding 
pivotal shaft 47b is inserted , so that each shutter blade ; 
27a is ro tatable about the corresponding pivotal shaft 47b. 
Tfiie major part of / each shutter blade 2 7 a > that exteiids 
normal to the optical axis 0 from the pivoted end, is formed 
as a light interceptive portion. All three light 
interceptive portions of the. shutter blades 27a together 
prevent ambient light, which enters the front lens group LI, 
from entering the circular apertures 46a and 47a. when the 
shutter blades 27a are closed. Each shutter blade 27a is 
f ur ther . provided , between the hole 27b and : the light 
interceptive portion thereof, with a slpt 27c , 'thro\igh which 
the corresponding operating projection 49a is inserted; The 
supporting member 47 is fixed to the ; : shutter blade 
supporting ring 46 in such a manner that ekch • shaf t 47b, 
which supports the corresponding shutter blade 27a, is 
engaged with the corresponding supporting hole 46b "of the 
shutter. blade\; supporting- ringx46>\\. •;.•/ 

A gear portion 49b is formed on a part of the outer 
periphery of the circular deriving member 49. The gear 
portion 4 ?b ;ineshes.^ the: pliiirality ^|';^4r$^in^.;^he^ 

gear : train 45 : to; receive^ . the v TQtati : bn.; from tie gear ; train • 
45. The supporting member 47 is provided, at respect iye: 



positions close to the three pivotal shaf ts 47b , wi th j three 
arc grooves. 47c each arched along at circuiaf erential 

/dir^ctib^^ ,ppera:ting-7prp.^ 

: ;c ircular . driving ; ringv: 4 9. engage with : the slots 27c . of ..the 
respective shutter blades 27a through the respective - arc 
grooves; : 47c . : The; ' shutter felade si^pprting 
inserted from the rear of the shutter mounting stage 40, to 
support the circular driving ring 49 , the supporting-member 
47 and the shutter 21 , anci is fixed on th^ ; s 
stage 40 by set screws 90 respectively inserted through 
holes 46x provided on the shutter blade supporting ring 46. 

Behind the shutter blade supporting ring 46 , the lens 
supporting barirel 50 -, supported to be able : to move relative 
tq vthe shutter mounting, stage : 40 via ; guid£ shaf ts 51;- and 52v 
is positioned. The shutter mounting stage 40; and the lens 
supporting; barrel 50 are biased in opposite directions away 
from each p ther by a coil springs 3 f itted: on the .-^ide i; shaft ; 
51 > and therefore play between the shutter mounting stage 40 
and the lens supporting barrel 50 is reduced. In addition, 
a driving gear 42a, provided as one of the gears in the gear 
train 42, is provided with a female thread hole (not shown) 
at the axial center thereof and is restricted to move in the 
axial direction. The screw; shaft . 43 , : one end of 'which; ' : .is^ 
fixed t<y •ith^.vlens ^supj>pr ting.., bearr el:/ 5'0> : ■ ^gage's : \wi;th the 
£emale:i;thre^d hbl^.i . • Accbrdi^glyi • the driving- gear .42^ ahd 
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'the ' screw 1 ' shaft . 4 3 together cons t i tu t e a feed screw /. 
i mechanism : In such a: .niaimer r i: .v/hen the driving gear 42a ^ 
rotates f orwardly or reversely due to ^riving by: the rear 
l,^s • grbup \ giving mptpf 3 0 ; ; ' the. s^ 

moves clockwise , or anti-clockwise with respect to toe driving 
gear 42a/ and therefore the lens supporting barrel 50, which 
supports the rear lens group L2, moves relative to the front 
lens group LI . 

A holding member 53 is fixed at the front of the 
shutter mounting stage 40. The holding member 53 holds the 
motors 29 and 3 0 between the holding member 53 and < the 
shutter mounting /stage 40. The holding member 53 has; • a : 
metal holding plate 55 fixed at the front thereof by set 
screws 99: The motors 29, 30 and the photo interrupters 56 /: ^%y 
i51 . weii connecteci : i : t.o.;Lthe; : flexible; ;pririt^ 

One end of the flexible printed circuit board 6 is fixed to 
the shutter mounting stage 40. 

After the first, second and third moving barrels 20, 19 v 
and 16, aiid the AF/AE shutter unit 21 and the like : are 
assembled, the aperture plate 23 is fixed to the rear of the 
linear guide barrel 17, and an annular retaining member 33 
is fixed at the front of the fixed lens barrel block 12. 

During an assembly of the -zoom lens camera of the 
present embodiment, a zoom lens barrel unit 100, which 
consists bf the first, ' second and third moving barriels 16, . 



VJ-A2. 

19 and i6 ^ : the ; AF/AE shutter unit 21-; ' : .the;-;.f rbnt/ and .rear^ 
lens groups Li, 1*2, etc; , is assembled, in advance, as a 
separate unit / from: the fixed lexis barrel hlpek . 12 . 
The r e a f t e r > the z o 6m; 1 ens barrel unit 100 is installed^ i 

• -hous ihg-\ : .oi^ta64 : fixed lens : biarrel, blbcK 12'/.. :i i;e-*y"-' . ih ■ the; 
cylindrical portion 12p, ;as shown in Figure 1 or 2 • i 

V\;-' ; 'wi'th the zoom lens camera p|; the p 
different ihstallihg Method ■ ±s[\}x^ed thf^n in the • case of ; a 
cohventionai zoom lens camera which is l^ss troublesome arid 
reduces the time necessary for installing the zoom lens 

: barrel ..unit in - the'":.' housing'; In: order : to utilize the 
improved installing method/ in the zoom lens bar re 110 a new 
Jtype o f : 1 ine! ar guide mechanism • has been r ea.1 i z ed ; which is; 

;;Unique to:': :thej :'z;bpm;v;.len^- ; .-: camera of v: the pre s en t ; e^odimen t r , 
•for : guiding the linear guide barrel 17 along the optidal 
axis O without having the linear guide barrel 17 rotate . 

•: With ^;the^:-3 ; lineaLr.::,' guide mechani^ra : of the present; 
embodiment , no dedicated : space is necessary v: 

: only for the purpose of ins tailing or detaching • the zoom 

• : : : iens vbarter: unit 100^ iri of; f^ 
Thus, the size of the zoom lens barrel unit 100 can be 
reduced thereby contributing to the -realization of a compact 

:zpom lens canker a • Such ;. : a linear 
discussed;^ Figures - 1. thrpvigh 8. ; 

', The basic;(prpcess of: such an installing method in the 



' - : ". :/ - ; > :•" :,' '-. • ■■ 43 : ... • '., ;.v ; ';'<:' ' : 

zoom lens camera of the present embodiment will now bei 
discussed. Firstly, as shown in Figure 1/ the : zooin : ^ 
bar re 1; uni t 100 is prepared in its most extended s tatt e . 
Secondly whi 1 e maintaining : such a. ; : 's t ate r the rear . : end p f : : ith^- : 

• zoom lens -barrel uni b 10 0 -is brought ; into engagement -wifeh' 
the f ront ■ end of the cylindrical portion 12p in a 
predetermined positional relationship, as shown in Figure 2. 
Thereafter, the whole optical unit driving motor 25 is 
driven to rotate the drive pinion 15 (see, for example, 
Figure 21) in a predetermined rotational direction > so that 
the male helicoid 16a of the third moving barrel i6 ^gages 
with the female helicoid ; 12a. 

• Since the third moving barrel 16 and the ; cylindrical 
portioft 12p; arje ^engaged with eiach: other thro^ 

• f ^ma I'e \ [ h e 1 i c o ids: :-16a : ; 12 a., ' ; 1 % e . ', - • t hr ough > • a threaded; 
engagement when the third moving barrel 16 is brought into 
engagement with the cylindrical portion 12p, it is necessary 
fpr the : third moving;^ b^ 16 to be rotated, from a 
predetermined ;" initial position of engagement tb an. 
engagement completion position (i.e. , the front extremity of 
the actual movable range of the third moving barrel 16 for 
zooming relative to the cylindrical portion 12p) ■, about the 
optipal axis O relative to the cylindrical portion : l2p by a 
; pre.de^ ,mkle- 
helicoid i-Sa^.'tod ^.tt4\*;6Ut^- pi^iph^al- geat 16b .ia^> : fpimed . 'ori-'. 
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. the ,:• t.hif^- : mo ving • . barr e 1 ; ... .1 6 along : a common -outer 

: Circumferential' surface at the rear ^d; : of; th4 third Roving 
barrel .16 sjaLsj .;" shown: ..^n;^igili:iB . 14 7 the? male ^'i^d'"-^^j^le\ 
helicoids 16a and 12a can only engage with each other .after 

Vthe third;: moving • barrel 16. has V-.feeen;' : : 1 oca t^d->; : ;a t ; : ; '- ; a j 
predetermined rotational position relative to the female 
helicoid 12a. Furthermore, the plurality of engaging 
projections 17c, which respectively engage with the 
plurality of linear guide grooves 12b, need ^tO: -.'ibe' • ' a%[;C- 

-respect i ve predetermined ro tat i onal positions with : ;'respec£ : ':"';--. :: 
to the third moving barrel 16 when the third moving barrel 
1 6 is brought into engagement with the fixed lens barrel 
block ; 12 . Thus the third moving barrel 16 needs to be 
f i rs t ly engaged with. - the cylindrical portion: 12p : and 
subs e qu en 1 1 y moved to the af oxreinent^ 
complet ion ; position while maintaining: ^ 

predetermined rotational positions of the plurality of 
engaging projections 17c > with respect to the third moving - 

: ^rel;,16., 

Due to such a structure, in order to set the zoom lens 
barrel unit 100 on the fixed lens barrel block 12 at the 
a f orement ioned engagement compl et ion :: pos i t ion , whil^ 
maintaining the aforementioned predetermined rotational } 
ppsitions of the plurality of engaging pro j ec t ions 17c with 
respect to ; the : third moving barrel 16, '■■] it is necessary to'/*;' 
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provide a device, for allowing the plurality of engaging ; 

projections 17c ta inoye to respective initiial positions at 

which the plurality of engaging pro j ections 17c start 
j .en<gaging With the linear guide grooves; 12b, v without: allowing > : 
; the plurality of engaging projections 17c to ; contact 

M^hihg, \'i : .:e : /,' : -not 

female helicoids 12a have been brought to the aforementioned 
engagement, completion position ♦ In. > the linear guide 
mechanism of the present embodiment \ such a device is 
provided on the fixed lens barrel block 12, rather than on 
the zoom lens barrel unit 100. Contrary to the present 
^ if such a device is provided , on the zoom lens 

barrel unit 100, the device needs to be constructed so as to 
i fallow the plurality of; engaging pr o j ^c tipns • : 17 c : ; -tp::, ; if ur th eir : •• 
rotate about the optical axis 0 relative to the third moving 
barrel 16 beyond the actual rotatable range used in< an: 
actual zooming operation . Namely, in such a device it is 
necessary to .provide a structure that allows the third ; 
moving barrel 16 and the linear guide barrel 17 to further 
rotate relative to each other to some extent, beyond the 
actual rotatable range used in aji actual zooming operation. ^ 
■ That ,ijs.i the device Requires tjhat the; lead, g'rQ^yesJ^lTb^. i$e;>* 
: be formed suf f idiently long '.so as to alibw the - third; Amoving- \ 
"barrel 16 and the linear guide barrel 17 to further rotate 
relative to each other, which renders . the zoom lexis barrel : 



10 to be longer and larger- . ' 

: Note that: in Figures 1 and 2 the drive pinion 15, which 
' is : accommodated in the gear housing- 12c, . is not >il:l'ustfat"Wd> >: - 
. and the gear train 26.,. which is. supported on. .the supporting 
member 32 > . is riot illustrated . .' 

• The aforementioned device provided on the fixed lens 
barrel block 12 is constructed as f oil ows . : ' ; • As • : : shown in 
Figure 1, 3 or 6 , three recessed portions 12g (only onf of; 
which is shown in Figure 1, 3 of : 6) ;> each; recessed outwardly 
in a radial direction, are formed oil the irineif periphery of 
: the cylindrical portion 12p at the front end thereof such 
that each recessed portion 12g connects with a corresponding 
one of the linear guide grooves 12b . Each recessed portion 
12g includes <a beveled surf ace or edge 1 2 e. The beveled 
s ur f ac e 1 ? e i s, |' :: ihc 1 ined in the v.pptiGal\; ibcisi:-: direction arid 
extends parallel; tor the f etnaie helicoid 12av r^l^^^eled-- 
surface 12 e connects with one of the side sur faces or edges 
f A" of the corresponding linear guide gxoove 12b. The other 
side surface "B" of the linear guide groove 12b extends in 
the optical axis 4 ir ^ G tiori. The front eM of the side 
surface "B" extends to the front iend of the Cylindrical- 
portion 12p, A front edge 12 f of each recessed portion 12g 
is irecessed by a : small amount rearwardly f rom the front end 
of the cylindrical portion 12p. A cutout portion 12 d is 
formed on the ; front, end. ot : the. cylindrical ; portion 12pv. at : 



each position on the front edge 12f . A rectangular hole 12h 
is.J fbrrned in appr bxiina t e ly th e ; mi ddl e part of- eich recess 
portion: 12g. thereof 

! /; ' The! , ! ; ^annu i ar . . re taiiii ng . ; member ; ,i;.3 3 ; : ; (see >;-;.:; '.for.. ;; exainpl e% 
Figure 2) is secured to the front end ; of the ,-; cylindrical 
portion 12p- at least ' after; ' th? third .moving : barf el N 3L6 has 
been enga<g£d with the cyliii^ 12p "^^ wi th : - ';^acli^6f 

the engaging projections 17c engaging with the corresponding 
linear guide groove 12b , ' : ;;.-N^ 

member 33 is bought into engagement with the front eiid of 
the cylindrical portion 12p after the zoom lens barrel unit 
100 has been properly installed in the cylindrical portion 

i2p; • • 

;." ; As;; : ';sh6>m;';-;in ■ Figure';.-.. 2-,.r : J^C;[0^'^\. il^r^-^p^^.^g: 
projections 33a, which may respectively engage with the 
recessed portions 12g; are integrally formed on the annular 
retaining member::: 33 v ; The annular retaining* member 33 is 
secured : to the front end of the J cylindrical portion i2p : 
through the engaging projections 33a. 

In addition to the engaging projections 33a, the 
annular retaining member 33 is also provided with jslxi ajmular 
base 33i . Each of the engaging projections 33a extendi 
rearwardly in the optical axis direction from the annular 
base 33 i so as to correspond to the respective recessed 
portions 12g. .The annular: retaining: memBer . : 33 . .is!; further . 
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provided with a strip-shaped plate 33g which Is integrally 
formed on the annular base 33i. The plate 3 3g extends in 
the optical axis direction at the location corresponding to 
the position of the aforementioned cutout portion 12k - .When 
■ . the annular. :-. retaining member: 33 p rope r ly eng age s with the 
cylindrical portion 12p> the plate 33g lies along or covers 
the cutout portion 12k so as to prohibit the annular 
retaining member 33 from rotating about the optical axis 0 
relative to the cylindrical portion 12p while restricting 
the movement of the aforementioned intermediate part of the 
flexible, printed circuit board 6. 

Each engaging pro j ection 33a is provided with a beveled 
/surface 33b, a linear guide surf ace 33c i; .and : • a. ; ; par al 1 e 1 
•; surf ace 3 3d . When the annular retaining member; 33 properly : ; 
engages with the cylindrical - portion 12p, each beveled 
surface 33b tightly contacts the corresponding beveled 
surface 12e. Additionally, each linear guide surface 33c 
: • ^d ; the side surf ace "A" of : the corresponding line 

groove 12b are connected with each other. Thus, the linear 
:, guide surface 33c and the side surface "A" together guide a . 
side edge *C of the corresponding engaging projection 17c 
.in the optical axis direction. When the annular retaining 
v m^ (engages; i with the : cylindrical ^rti6ti\l^yy; 

v . ; i ^eparall^ -parallel -./to- the Mother'. Si'SeT- '.. 

surf ace:; "B".' of :. ; the* correspohcJLlngr ••li^ear. : : .guid6. groove i2b> ": 
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Each engaging projection 33a is further provided with a 
stop surface 33 f which extends perpendicular to both the 
corresponding parallel surf ace 33d and -linear guide surface 

3-3"C.;it6, connect, the, parallel. . surf ace 33d with the linear' 

. '' 'gtiide;,' surface .. : 3 ; 3c When ,thev : - ahhular>:::re taining ; ^CTiber !--'33W ; - : : 
V prbpeirly engages with th£ cylindrical port ion : 12p, y each s; top^ - : 
surface 33f defines : the front end of the corresponding ■ 
linear guide groove 12b, as shown in . Figure 7 

Specifically, in the state where the annular retaining 
member 33 properly engages with the cylindrical portion 12p, 
each linear guide surface 33c and the side surface "A" of 
the corresponding linear guide groove 12b are not located in 
a common plane extending in the optical axis direction, but 
each linear guide surface 33c is: slightly recessed away from 
the corresponding side surface "B" relative to the 
: corresponding side surface "A 0 in a circumferential 
: d^ cylindrical portion 12p by an amount "a", 

• yi? ^hpwi^i^ Figure . 7 or 8. In other words , . the : linear guide 
surface 33c is slightly recessed away from an imaginary 
surface "A 1 ■ that is located in a common plane in which the 
side surface "A" of the corresponding linear guide groove 
; 12b . is located. Therefore, the width of each iinlSr gtiide ^aO/^v 

groove 12b i? slightly wider at the front -'lmd : :^e^b'£/;w^re r '' 
. the linear guide svirf ace 33c is provided, than -the width .of ..;JV ' r 
"'• the.: remaining part "of the : .linear guide groove ; 12b. ^.Th£; l^c- 



reason why the linear guide surface 33c is recessed in such 
a manner will be hereinafter discussed . v : 

Each engaging projection 17c of the linear guide barrel 
;;17 v moyes f orwardly while p^ surf ace 

"A" ,of f-the ;• • cofr e^p^diiig: • )i inei^'J^id^^roGv^ 12b when the 
z bom : lens \; barrel i 0 vis V:dr iveii ;t p Advance v^-Fo&jttii 'r&sti&p 
if any of the linear guide surfaces 33c are formed closer to 
the corresponding side surface *B* than the side surface "A" 
of the corresponding linear guide groove 12b beyond the 
corresponding imaginary surface "A' "due to an error in a 
molding process of the annular retaining member 33 or the 
like, the ; 17c >; t^at engages with: the ; 

linear giiide groove 12b v including s a -linear guide 
surface 3 3c> cannot smoothly shift from the side surface n A" 
to the adjacent linear guide surfaces 33c, In order to 
prevent the occurrence of such a problem, each linear giiide 
surface 33c is formed in such a manner as noted above/ i:e/,. ; - 
recesfsed by the amount •a" • Owing to stich a structure, even 
if any linear guide surface 33q should be f pritied slightly- 
closer to the corresponding side surface *B V due to a 
manufacturing error, since each linear guide surface 33jc is 
already made such as to be slightly recessed away from the 
corresponding side surface "B" , the aforementioned problem 
does not occur, Although each linear giiide surface 33c and 
the sid^ surface ."A" of the corresponding linear guide : 



groove 12b aire not located in a cpinmon plane extending, in 
the optical axis direction, a problem similar to the 
af or emen t i phed pr ^ v does riot occur wheii the ^•opm^'i'^i 
. barrel 10; is . driven to retract back . to; the camera body: 
This is because each engaging : pro j ection 17c of the linear 
guide barrel 17 moves rearwardly while pressing against the 
side surface -B" of the corresponding linear guide groove 
12b when the zoom lens barrel 10 is driven to retract. 

An engaging claw 
surface of each engaging projection :-33i>/ : The engagingf >clkWs 
33h respectively snap into the rectangular holes 12h when 
the annular retaining member 33 properly engage s wi t h the 
cylindrical portion 12p. An engaging:; projection 33 e^ which 
extends rearward from the annular base 33i in the optical 
axis direction; is formed on the; -annular retaining member 3 3 
a position; on an outer surf ace of each; engaging 
projection 33a. The engaging projections 33e respectively 
engage with the cutout portions 12 d when the annular 
retaining member 33 properly engages with the cylindrical 
portion 12p. \ : ; : 

According to the linear guide mechanism having tlie 
structures as. noted alxyve, the zoom lens barrel unit 100 can 
be installed in the qylindricaii portion : 12£. in the foilbwing 
mann er . Firstly, after • the/, zoom l^s barrel :\unit^ %6xjj- has ' 
t>een as sembled # ,the zppm lens barrel unit 10Q^ rendered in 



its most extended state, is prepared. : Secondly while being! 

...in such;;, a State* the rear; krid of. 
100 is fitted in the front end of ■: the Inner periphery of the 
cylindrical portion • 12p with a predetermined ; it posit ibrial. 

• : relationship i } .^:*hat- ;i? the ;|iangvlar : • position of ;-Jth^/.'-zoq# 
lens barrel unit 100 relative to the cylindrical portion 12p 
is predetermined when the rear end of the zoom lens barrel 
unit 100 engages with the front end of the inner periphery 
of the cylindrical portion 12p. /Thereafter, the whole 
optical unit driving motor 25 is actuated to rotate the 
drive jpinibn ; 15 by s everal degr ees ; iii: a directibh : . to ^retract- 
the third -moving barirel 16 into the cylindrical portion 12p . 
The rotation of the whole ... optical unit driving motor 25 is 
transmitted to the third moving barrel 16 . through : the gear 
train 26 , -• the drive pinion 15 and the outer peripheral gear 
16b, thus making the male helicoid : 16a rotate relative 60 
the female helicoid 12a to thereby retract the third moving 
barrel 16 to the front extremity of the actual movable range 
of the third moving barrel 16 for zooming. During the 
retraction movement of ; the third moving barrel 16 up to the 
front extremity; the linear guide barrel 17 remains located 
at a specific rotational position with respect to the. third 
moving barrel 16, since the zoom lens barrel unit 100 is in 
its; most extended ! state; ^nd because during the retraction" 
movement of the third moving barrel 16, each engaging 
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; projection 17c passes through the corresponding recessed 
portion 12g to engage with the corresponding linear guide 
grooves 12b K as shown by phantom lines in Figure 6. 

After the third moving barrel 16 has been retracted to 
the front extremity of the actual movable: range, of the third 
moving barrel 16 for zooming in such a manner as noted 
above i: if the ' whole; optical unit driving mo tor 25; ; is 
actuated to further rotate the drive pinion 15 In a 
direction to retract the third moving barrel 16 into the % 
cylindrical portion 12p> the male helicoid 16a rotates 
relative to the;; female helicoid 12a to thereby r e trac t ';';the. : i* 
third moving barrel 16 into the cylindrical portion 12pV At 
the. same time;;; the first and second moving bar re 1 s 2 0,19 
retract into the second aiici - third -moving barrels 19 16 V : ; 
respectively* due to the mechanical structure for driving 
the first , siecond and third moving barrels in a 
predetermined,. : .relationship*i ; : >% 'Consequently; . ■; the zoom- lens : :; 
; :. barrel uni t 100. moves into its most retracted state- and :is 
: accommodated in the cylindrical portion 12p; 

According to the linear guide mechanism of the present 
embodiment for guiding the linear guide barrel 17 along the 
optical axis O without rotating the linear guidd^ barrel 17/ 
: 't.he ; ; * af orementioned :*;.deV*ice (which; ^ allows the' Engaging 
; projections ^7p; 'to /move to respective 
which ;tiie engaging projections 17c start; engaging: :with^: the 



linear guide grooves 12b, wi thou t the engagi ng : pro jec t i 6ns 
17c contacting anything, until the female helicoids 12a have 
been brought up to the aforementioned engag^ent completion 
positioii).; f or : ;;ins tailings ; 2d(^^l-^S^ ; barrfel? 

unit 100 in or from the fixed lens barrel block 12 is 
provided on the Sf iked Tl eh & ; bar ire 1 blocic 12 , 'jnpt^h.: t^b zopiti 
lens barrel unit 100, which advantageously does riot render 
the zoom lens barrel 10 to be longer and larger. 
Furthermore, the recessed portions 12g are used not only for 
installing or detaching the zoom leiis barrel unit 100 in or 
from the fixed lens barrel block 12 but also for forming 
part of the linear guide grooves 12b after the annular 
retaining: member 33 has been secured to the; front end of the 
cylindrical portion 12p. Accordingly, it cIlel be tinders t6o<i 
that the: recessed portions 12g are space-efficiently formed 
on the front part of ; ^ 

contributes to the realization of a small and compact zoom 
lens barrel 10. 

Another feature of the linear guide mechanism of the 
present, jeniBod will be hereinafter discussed mainly with.; 

reference to Figures 3 and 23 through 29. 

: ;;:-'This • .f eati^e ;of ; the present embodiment . cpnceitis \One : of . 
the plurality of linear guide grooves 12b # namely the linear 
guide . groove . 12bi , ; and. pne of the plurality of : ; engaging 
projections i7cfwhicix-\;-engages with tber lineal ^uide gtooj/e 
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U 12bi >v }$&£ly the -engaging,:^ ; "As v'-jshowil-' "«lh 

Figure 23 or 25; the engaging projection 17c i is f brined 
having an "M" -shaped outline so that tie engaging projection 
17ci does not interfere with two projections 12a ' formed on 
a bottom of the. linear guide groove 12bi :V As can be seen 
from Figure 3 or 26, the two projections 12a ' form part of 
the "f en^le :: .helicoid l2a> 

As shown in Figure 25/ another one of the plurality of 
linear guide grooves 12b, namely the linear guide groove 
12bni; : - and another one of the . plurality of engaging 
projections which engages with the linear guide groove 
12bni , namely ; the engaging pro j ection 17cni • - are no t formed 
haying the aforementioned^ features lof -the linear ^ide^ 
groove 12bi and the ^gaging projection 17bi^: 

Strictly speaJding, the engaging projection 17 ei engages 
with the linear guide groove 12bi in a manner such that the 
engaging projection 17ci projects outwardly from the optical 
axis 0 by a length •f ■ (amount of engagement), measured in 
a radial direction from the root of the female helicoid 12a 
to the tip pf the engaging projection 17ci as shown in 
Figrure 25 or 28 / The tip. of the engaging pr o j ec t ion ; 1 7 c i . 
does riot . cpntict ,tjae . bottom of the linear: glider groove fl2fai ;.: 
Refejr#nq£ m w'-J/l& 

of t;he en£agin£ prbjeqtion 17ci. Reference ^xj^: shown in: 
Figure 25 : pr: : 28: - designates a corner of the engaging. 



projection 17c i . A line connecting: "xl" with "xl" (line xl- 
xl) is identical to the width of the engaging projection 
: : ;17ci ; ^ siame - as -'theVi-width^bf; 

:;the linear- guide groove 12bi. • • 

On the other hand, the engaging projection 17cni 
engages with the linear guide groove 12bni in a manner such 
that the . tip portion of the Engaging projection iTctii 
projects into thus linear guide groove 12bni by a length rt" 
(amount of engagement) , measured in a radial direction from 
the root of the female helicoid 12a to the tip of the 
engaging projection 17cni, as shown in Figure 25 The tip: 
of the engaging projection 17cni does not reach the bottom 
of the linear guide groove 12bhi ^ > The length ^t w : is: 
substantially the same as the aforementioned length "t 1 * \S 
The engaging projection 17cni has substantially the same 
mechanical strength as the engaging projection 17ci. 
Reference "w" shown in Figure 25 represents the width of the 
engaging projection 17cni . Reference r x2" shown in Figure 
25 designates a corner of the engaging projection 17cni. A 
line connecting "x2" with "x2" (line x2-x2) is identical to 
'th6. width of f th% engaging pro j ec tion ; 17cni ■ w" , which; • is 
substantially; the same; as . the width pf : the. linear : :;g^ide^ 
groove 12bni. Since the lengths ; . m t m and Jt^ are 
substantially the same, the corners 'xl", "xl" and "x2". and 
"x2* : are . substantially ; . Ipcat^d on ^aviicorampil .circle (not 



vshowil) -about : the opt ical "axis O. In; other wprds r in Figure' 
25, the three points > i.e.; the corners " xl • ,- M xl* and the 
optical axis O forms an; isosceles triangle; and another 
three points/- i^e- v the corners ?, x2? / "x2 " and the optical 
axis O forms another isosceles triangle. The bases of the 
two isosceles triangles #ach "touches a commicm imaginary 
circle cc about the optical axis O. Due to this 
arrangement , the bottom surface of each of the linear guide 
grooves 12bi, 12bni extends in a plane perpendicular to a 
radial direction of the cylindrical portion 12p. Another 
common imaginary circle (not shown) about the optical axis 
0, with- which the corners on the bottom of each linear guide 
groove 12b come in contact, is slightly larger than the 
common imaginary circle cc, but is substantially the same as 
-the coxpnion-^ imaginary circle cc since they tip of each 
engaging projection almost touches the bottom of the 
corresponding ; l&arg^iide groove v 12b, 

The aforementioned other feature of the linear guide 
mechanism is that the part of the puter peripheral surface 
of the cylindrical portion 12py which is located! at the 
position oppoisite to the bottom of thie linear guide grbove 
12bi, can be formed to be a flat surface extending parallel 
to the bottom surface of the linear guide groove 12bi . This 
feature will be hereinafter discussed. 

.;; Tlie linear guide; barrel 17 . does not rotate with; respect 



to the fixed leiis barrel block 12. However, since the third 
moving barrel 16 rotates relative to the: linear guide bairireT 
17, the rotational force of the third moving barrel 16 Is 
transmitted., from the male hel ico id 16a, to . the ; f emale 
helicoid i2a, • and as a result, the linear guide barrel 17 
moves •;■ linearly • along ..the opt ical eocis 0 While ireceivirig that 
rotational force at the engaging projections 17c through the 
linear guide grooves 12b. Therefore, if the aforementioned 
amount of engagement "f or "t\" of each engaging projection 
17c .^is!v;tpo"-stort and/or the width "w" or : >w' " of each linear 
guide groove 12b is too narrow, the engaging projections 17c 
may disengage: from the respective linear guide grooves :12b 
when the 1 inear guide barrel 17 move s 1 ine ar ly along .the 
optical axis 0. However, such a problem does not -occur: if 
the • amount : of engagement t ■ or [ " t : ' of each engaging 
projection 17c and the width *w m or "w 1 ; of each linear 
guide groove 12b are designed sufficiently large. 

As canSbe understood from Figure 27 ;, the larger the 
width of the, linear guide groove 12t>i (the length of the 
line xl-ocl), the closer the line xl-^xl comes to the 
optical axis O. That is, the wider the width of the linear 
guide groove 12bi / the closer the line xl-xl comes to the 
ppticai x ..axis;' ;p * : than . the line^ x2-x2 . / For this ^reason, /the 
:t^ic)diess of t;he • cylindrical portion 12p kt;/ the. ;.£qrtIon 
thereof / .where the; linear guide groove; ! 12bi is • f prm^(i wili : 
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become ^eater , than that at the portion where the : lineal 
guide groove 12bni is formed in the case where the bottom of 
the linear guide groove 12bi Is '.' forined so as^tp ;• ai^qs t : touch 
the tip of th;e T en^ liti-^^i rioted abpvei ^••^h^ 

suqh a case, the thickness of the cylindrical portion 12p at 

. the portion thereof where the linear guide groove 12bi is 
formed will be thicker than that, at the portion wheire the 
linear guide groove I2bni is formed by a thickness • y ■ , as 
shown in Figure 27. References "Ll" and >L2" represent t;he 
length from the bottom of the linear guide groove 12bi to 
the outer periphery of the cylindrical portion 12p, and the 

•length from the bottom of the;: line^ 

:the outer periphery of the cylindrical portion 12p, 
respectively. The thickness "y" is equal to the difference, 
between lengths "LI" and "L2" (Ll-L2=y) . 

In the present embodiment j as illustrated in Figure 28, , 
the portion of the cylindrical portion 12p which forms the 
bottom of the linear: guide groove 12bi ib formed to have theu 
same thickness as : the portion of the .cylindrical portion 12p 
where the linear guide groove 12bni , is formed, by cutting 
off part of an outer layer of the. cylindrical portion 12p by 
an ainount corresponding to the thickness "y".; By so doing, 
the part of the., outer peripheral surface of the cylindrical 
portion 12p, which, is; located ft. tfie ^position!.. -dppp 
the bottom; of the ' linear. ; iguid€r .^odve'-il^bi,.;. i's . 'iprmed " to.[ be J. 



a flat surface 12x extending parallel to the bottom surface 
of the linear guide groove 12bi. 

The flat surface 12x is located immediatiely next to a 
flat surface PT1 of a wall PT forming a film chamber FG : of 
the zoom lens camera of the present embodiment ^■■■v:"-The- : --wall' PT 
is secured to the fixed lens barrel block 12, and .the flat 
surface PT1 extends parallel to the flat surface 12x. Since 
the flat surface 12x is formed by cutting off part, of an 
outer, layer of the cylindrical portion 12p in such a manner 
as noted, above, the film chamber FC is successfully located 
closer to the cylindrical portion 12p towards the optical 
axis O, by the amount corresponding to the aforementioned 
thickness "y " ; I which contributes to the mihimizatioin ; of the, , 
size of the zoom lens camera of the present embodiment, 
particularly, , in- the width of the camera. This effective 
structure to minimize the width of the zoom : lens camera can 
be appreciated by comparing a distance "H" from the optical 
axis 0 :tO: the; flat surface 12x with a distance ;^R : <vf ram the; 
optical axis O to an outer peripheral surface of the 
cylindrical portion 12p on which the flat surface 12x is riot 
formed, as shown in Figure 29 . The distances "H* and "R" 
are .-also * "illustrated^ ijr Figure ; 2S. .' J-^fe;" ; ftgnt : and. rear* of . 
the zoom lens cetera: of the jpres eint \ ei&odiment _ jreSpectiyely' • 
corresppnd to the up smd down . as. yiew^:-iri. Figure 29. r 

In - the zoom lens camera of the present embodiment , the 
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aforementioned another feature of the linear guide mechanism 
is adopted to the linear guide groove 12bi and the engaging 
projection 17ci. However; such a feature may be applied to • 
any other linear guiding groove and engaging projection 
which engage with each other. 

In the above-described embodiment of the zoom lens 
barrel 10, although the zoom lens optical system consists of 
two movable lens groups, namely the front leris group Li and 
the rear lens group L2, it should be understood that the 
present invention is. not limited to the present embodiment 
disclosed above, but the present invention may also be 
applied to another type of zoom lens optical system 
including one or more fixed lens group. 

: -. In.: ; : 2Lddi t ipn in : . .the- • .abpyej-:;e^odimfent , : . : v the ; : r e<ax :,:i^h's': : 
group LI is provided as a component of the . AF/^ ; /shutter : , 
unit 21, and the AE motor 29 and the rear leris group driving 
are., mounted to . the AF/AE shutter unit 21. With 
such a structure, the structur#,fq 

rear lens groups LI and L2 and the structure for driving the ' 
re<ar: leiis . grpis>. 1*2 y are both; sijr^Hfi^d.;./'lhstead '6t- adopting- 
such a structure, the zoom lens barrel 10 may also be 
realized in such a manner by making the rear lens group L2 a 
member separate from the AF/AE shutter unit 21, S. which; is ;; 
..• :- prpvided with^the;. shutter, mounting stage • 4 6 , : thi ^dirc^kri^f 
. : ^iyipg : member; 49 , the. supporting member 47 T. .'the. : ^hutter'^ .;s\'; 



blades 27,., the shutter blade .supporting ring 46 and the 
like, and that the rear lens group L2 is supported by any 
; supporting meaner other than the AF/ AE . shutter; iinit :21 . 

In the zoom, lens camera, of the .present embbdiment the 
operation by rotation of the whole optical unit driving 
motor 25 apd the rear lens group driving motor 30 will now 
be described ^ to Figures -17 , 18 , 1$ arid \ 2 OV 

As shown in Figiire .18 or. 20, When the zoom. lens : barrel; 
lO is at the most retracted (withdrawn) position, i.e., the 
lens -housed condition, when the power switch is turned ON, 
the whole optical unit driving motor 25 is driven to rotate 
its drive shaft in the forward rotational- direction by a- 
small amount. This rotation of the motor 25 is transmitted 
to the driving pinion 15 through the gear train 26, which is 
supported by the supporting member 32 formed integral with 
the fixed lens barrel block 12, to thereby rotate the third 
moving barrel 16 in one predetermined rotational direction 
to advance f orwardly along the optical axis 0: Therefore, 
the second moving barrel 19 and the first moving barrel 20 
are each advanced by a small amount in the optical axis; 
direction, along with the third moving barrel 16 . - : 
Consequently, the camera is in a state capable of 
photographing, with the zoom iens : positioned at . : :theT; widest 
posi tion ,- i . e . > the wide end . At : this stage, due to'; the . 
fact that the . Amount of movement of the linear guide barrel 
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17, s with respect to the fixed lens ... barr eji * block 12, *£;§' 
detected through the relative slide between plate 
13a and the contacting terminal 9, the ; focal length :;6f ..the 
zoom lens barrel \10, die ; , the front and rear lens groups : L1 
and L2, is detected. 

; In the phpt pgira^h a^ve : described^ When 

the aforementioned zoom operating lever is manually moved 
towards a "tele" side, or the "tele" zoom button is manually 
depressed to be turned ON, the whole optical: unit; driving 
: motor 25 is driven -to rotate its drive shaft in the forward 
rotational direction through the whole optical unit driving 
motor controller 60 so that the . third moving barrel 16 
rotates in the rotational direction to advahce along the 
optical axis 0 via the driving pinion 15 i and the outer 
peripheral : gear 16b. Therefore , the thirds barrel;> ; <16 :: - 
is advanced from the fixed lens barrel block 12 according to 
•the relationship) between; the : : .f emale \ helicoid i2a: : . and th£.; 
male helicoid 16a . At the same time, ; the linear guide 
barrel 17 moves forwardly in the optical axis direction 
together with the third moving barrel 16, without relative 
rotation to the fixed lens; barrel block: 12, according to the 
relationship between the engaging prdj ec tibns 17c / and the 
linea^ .guide gftpoyes . 12by ; At this time , > th£ • simul tanepus . ; 
: #tfgagieinent;:6f-- t:hetf plloWef pin^ 1$ With; the* ''tf^ectiyk lesLd( 
slots : ;17b aiid linear^ guide grooves- 1 6c ; causes; £he secpfid 



moving barrel 19 to move f orwardly, relative to ; the third 
moving barrel 16 in the optical axis direction, while 
rotating together with the third moving barrel 16 in the 
same rotational direction relative to;,. the fixed lens barrel 
t)l pck ; 1 2 s ) • : The . . f ir s t moving barr e 1 2 0 moves ; • f orward ly f r om 
the second moving barrel 19 in the optical axis direct ioii, 
together with /the AF/AE shutter unit 21, without • relative 
• rotation to the fixed lens barrel blqck; 12, ; due ;tp the 
above-noted structures in which the first moving barrel 20 
•i s < guided 1 iiiear ly by the linear guide member 22 aiid ; i ; in 
which the follower pins 24 are guided by the lead grooves 
: 19c. . During, such movements according to the fact that the :; 
moving position of the linear guide barrel 17 with respect 
tp the fixed leh? barrel block 12 • lis :d4 /through the 

relative : s 1 ide between the code plate 13a and the contacting 
terminal 9, the focal length set by the zoom operation 
device 62 is detected. 

■ Conversely/ when the zoom operating: lever is manually 
moved towards a "wide" side, or the "wide" zoom button is 
manually depressed to be turned ON, the whole optical unit 
driving motor 25 is driven to rotate its drive shaft in the 
reverse rotational direction through the whole optical unit 
driyirig;; motor qbntroiler- 60 so that tkel. third..mpyiiig ^barrel:'- 
16 : rotates in : ;the rotational direction, to retract : into; the 
f ixed lens barrel block 12 together With -the linear guid^ 



barrel ; 17 . At the same time, the x second moving barrel 19 is 
retracted into the third moving barrel 16, while rotating in 
the s ame /direct ion as that of the third m6ving barrel . 16/ 
.and; the.; first moving, barrel 20 is- -retracted .. into ; , the 
rotating second moving barrel 19 together with the AF/AE 
shutter^ unit 21 . During the above retraction giving; like 
the case of advancing driving as above described; the rear 
lens group driving motor 3 0 is not driven. 

'. • ,: Wh i 1 e the z o 6m lens baarrjel j 10 is 
zooming operation/ since the rear lens group driving motor 
30 is not driven, the front lens group LI and the rear lens 
group L2 move as a whole, maintaining a constant distance 
between each other , as shown in figure 17 or 19 > The focal 
length input via the zoom code piate 13a and the contacting 
terminal 9 is indicated, on an . LCD panel: (not shown) • provided 
on the cameta body- 

At any focal length set by the zoom operating device 
62; wii^n the release ]^ttoi^^ 

object distance measuring apparatus 64 is actuated to. 
measure a current subj ect distance . At the same time the 
photometering apparatus 65 is actuated to measure a current 
subject brightness. Thereafter, when the release button : is 
fully ■: depress ed^ ; the whole 'optical ,iinit ^driving:', motor ^'5 fuaifc 
the rear lehs group driving .motor 30; are each fciven ;:by 
respective founts dictated, according = to the f obal length', 



information set in advance and the subject distance 
information obtained from the object distance measuring 
apparatus (?4 /• • so thai t • ■ the frpnt -aLnd: re$£- lens grpups Li>:;arid :! 
L2 are :xespectively moved to specif ied positions - to obtain a : 
• specified : ibcal: length?, to : thereby • bring- the : s^ject -into 
focus , Immediately after the subject is brought into focus, 
via the AE motor controller 66, the AE motor 29 is driven to 
rotate the circular driving member 49 by an amount 
corresponding to the subject brightness information obtained 
from the photometering apparatus 65 so that the shutter 27 
is driven to open the shutter blades 27a by a specified 
amount which satisfies the required exposure . Immediately 
af ter such a shutter release operation, : in which "- 'tfee;'--.thtee 
shutCei: blades 2 7 a, ; are • opened • and subsequently :! : ci ed ; • is 
completed, the whole optical unit ;J driving mbto* 25 and the 
rear lens group driving motor 30 are both driven to move the 
front lens group LI and the rear lens group L2 to the 
respective initial positions at which they were at prior to 
a ; .. ; shut ter release 

In the present embodimeht of the zoom l e Ps:b4rirei id," 
"Fantas Coat SF-6* is used as the coating 72e. However, a-: 
different type of coating may be used as the coating 72e as 
long as it waterproof , and mslkes ;the circu^ 
surface 72b a smooth surface to form substantially ^ no ;giap 
between the circular ; abutting' surface 72b and the 
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circumferential portion f p . 

Obvious changes may be made in the specific embodiments 
of the present invention described herein, such 

modifications ■ being- within - the ■ ■ of the 

invention claimed .- , It if is;, .indicated: that ^:all:. : ^matter : x 
contained herein is: illustrative : and does not limit the- 
scope of the present invention. ' 



CLAIMS: t : 

L 1. A lens barrel comprising:. 
. ■■■■ an outer barrel provided on <an inner periphery thereof 
with a first thread and: at least one linear . guide groove 
intersecting said first thread and > ext ending in a direction 
6f /an . optical /ax : is.'- ; bf ; . said : lens ; :> t^rel;;% : ;%i : 

a middle barirei provided - bnv^ periphery thereof \C 

with a second thread for meshing with said Sif^yt^4idi'''^d^-'' 

an inner barrel positioned inside said middle barrel, 
said inner barrel being provided with: at least one follower 
for engraging with said at least one -linear guide groove, so 
that said inner barrel is guided along: ' said opticai axis : 
without rotating about ; said optical axis with respect- to 
said outer barrel ; wherein . . ; . . ' 

a front -end of each ;of.;Wa"id li^as't'-' ; .• ' 
one linear guide groove is formed with at. least one enlarged 

width dimension to eii^ie 
rotational movement of said at least one follower into said 
at rleas t one linear guide groove during . initial meshing of 
said niiddle .^barrel with: said outer. barrel. 

2. A lens barrel according to claim 1, further ^> 
comprising an smnuiar retaining member for engaging with a Li? 
front end of said outer barrel 

* 3>.:/ • A:'; lens barrel \ according, 'to "claim 2/ -wi^einLsaidLV :; 1 



annular retaining member comprises at least one engaging 

projection for engaging said at least one enlarged width 
dimension- \ — — - 

4 . : :• A • lens barrel according to claim 3, wherein said 

at least one engaging projection comprises a surface,,, 

-determining a front extremity of said at least one linear 

guide groove, 

5. A lens barrel according to claim 3 or 4 ;■: v^erein saici 
at least one linear guide groove is defined between a fir$t 
side surface and a second side surface, 

• said first and said second 
side surfaces extending in said direction of said b^t;icWl^ 
axis, and wherein said at least, one engag ing. project i pn 
comprises ^a-y-iixieax- guide surface which together with said : 
first side 5 surface linearly guides said at least, one . 
follower. 

6. A lens barrel according to claim. 5, wherein a 
.distance between said first side surf ace and said second 
side surface is - less than aV distance between said -linear 
guide surface and said second side surface. 

7- A lens barrel according to any preceding claim, 
wherein said at least one enlarged width dimension comprises a 
surface inclined in a direction parallel to said first thread. 

8. cA - iens .barrei'^ a6cbrdiiig\ jtq any: . p*ecfedirig : . ;£iaim, \: 
wherein said, outer barrel is formed -inte^ally . with a 
stationary block provided inside a camera body. ... [' : ;' 
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9. A lens barrel according to any preceding claim, wherein said 
middle barrel is movable along said optical axis : together 
■■i with said inner barrel without varying a distance 
therebetween, - while said ■ middle • barrel rotates • about* said 
. optical axis relative to said inner barrel, 
• iO - ; A 1^ to any preceding dla 

at; least' one ^follower is ;£prmed ''.at;;aiear(:erid of; said; innetv 
barrel outwardly in a radial direction of said inner barrel 
to engage with said at least one linear guide groove. ^ 

11. A; lens barrel according to any one of claims 3 to : 6/ 
wherein sai<i at least one engaging pro j ectidh comprises an 
•f engaging claw which projects outwardly in a radial direction of 
: said annular retaining member , said engaging claw engaging; with 

: : a ' : hb^v^£piTOa '-said front ; end;; of asaid Vati^Ieal^ 

guide : groove . ^ ... • . .: ' , . . 

; 12 . A lens barrel according to any preceding claim > further 
-comprising at least one projection formed at a base ' of 
said ait least one linear guide groove., said at least pne. ^ 
projection engaging with said second thread so as :to, 
i": Action as ; a . P^t. of said first thte^d/;: :: 

•13.. A lens barrel according tp any preceding claii, wherein 
said at least one follower and said at least one linear guide 
groove : both have a width exceeding a .. : 
vpirede termined . minimum ? width and a ; height ecjuaii >tb! •;" a^ 
predetermined minimum height. v 

:.14> /: a;. lens' : barrei : .ac.c6r4in^f- to claim\.i2,-/- ^> % whierie|ih/ : • 
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said at least one projection is formed substantially centrally 
in ttib wiidth dimension of said ; at least one linear guide 
groove. 

15. v A lens barrel comprising: 
a barrel provided on an iimer periphery; tM 

linear guide groove extending in a direction of an optical 

axis of said lens barrel; and 

axi annular member arranged concentrically with said 

barrel, said, annular member being provided with a follower 

for engaging said linear ; guide groove: so that said annular 
member is guided along said optical axis without rotating about 
said optical axis relative to said barrel, 

; wherein a substantially plane surface is formed in an 
outer periphery 6f said barrel;; radially outwardly of 
linear guide groove. 



16. A lens barrel according to claim 15, . wherein, 
said linear guifie groove has a planar base extending in sai 
direction of said optical 

/ axis and perpmdicular : tb a radial direction of said -haxrely 
•; said plane surface being formed parallel : to : said Planar 



base, . . 

• • aQcbrding:- to, claim 15 or 16, further 

comprising: 

a first thread formed on said inner periphery of said 
barrel so thait said linear guide groove ^tei^S wi 
•first thread; 

a rotational barrel posit ionable between said barrel arid 
said annular member and provided with a second thread for 
meshing with said first thread so that said rotatiori^i, barrel 
is movable along said optical axis while rotating about said 
optical axis relative to said barrel; and 

at .le^st. pne;-prpi^ •' formed .afc.;a, _.; ; bajse. pf ,.;;said-,:,:;!- 
; linear guide : :grbove> uSaid^ifc^ 
with said second thread so as to function as a part of said - ^ ^ 
first thread. 

18. A lens barrel according to any one of claims 15 to 
17, wherein Isaid follower and said linear guide groove are each 
formed to have a width greater than a predetermined "■; minili^ 
width and a height eqiial to a predetermined minimum height. 

19. * lens barrel according to claim 17, wherein 
said at least one projection is formed substantially in a 
middle of said linear guide groove in a circumferential 
direction of said barrel. 
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; 20 -A lens barrel substantially ^ described 
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